For Reference 


NOT TO BE TAKEN FROM THIS ROOM 


be 
hess 
Tiga 


1 
vk 


Gx wenis 
UNIVERSITAT 
ISERUAEASIS 


Digitized by the Internet Archive 
In 2023 with funding from 
University of Alberta Library 


https://archive.org/details/Nicholas1983 


a ‘eyain noe pe inte 


a af ike ae 
rev os en | 
ied beiretay peantee. 6 mb ce ERM IY 


| as 6) pr Omni ai na ay oom wig yt ¢. ae ; 


\ we) 4 is ie { ‘i a nus ; op ee ter ae ae, ae 
| med) tan : i : ues . , 


mer Fee whe , pie q CMI 4 \ eee a, aa me yyy 
a touithar cm , ba ai a se ca OX Teh ve A ha 1c OR 3 t 


os i saw a si ne FS xo 1 Cane SIthour the 


stant rat a ta 7." > 


Ce oe } cue ia. Nghe" aint re ) 
1 : me ahi : PN i 
| : | ee ie ans" 


Al on ee ren, 
fh beets 


THE UNIVERSITY OF ALBERTA 


The isolation of functionally axenic filaments of 
Pseudanabaena catenata and other planktonic cyanobacteria 
by 


Sean Mc Nicholas 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE 
OF Master of Science 
IN 


Plant Physiology 


Botany 


EDMONTON, ALBERTA 


Fall 1983 


- : - ow 
haps 
; all a \e 
bis {Beer eved er ‘ta eit ganas snap ansiall oe 2 
Al 


dovgeeet bane asibusé efauvbs29 Yo ¥eisicaT ant os} os 


“) i 


to nel@eiog! sd? befsitne einen: 6 4 
bas sisnetes ensecenenisees to 2trenatii atonne Oils 
geiodolh oM aaes yd bet: bmdve! étistoadonsy? sineaNpalg as 


tm. 


to. saatpeb of3  ap2 BsReneT ips: afd ic room th Hiyt humta 
 (¥polotayl teeia nt oonakn rie etal 


a 
a cat yay é hk) ' 


Abstract 

Whilst attempting, unsuccessfully, to isolate a type-c 
toxic strain(s) of Aphanizomenon flos-aquae from blooms 
collected from Lac La Nonne, Alberta, 67 out of the 73 
colony isolates that grew were "taken-over" by different 
Size and colour forms of another cyanobacterium, 
Pseudanabaena catenata Lauterb. Two of these Pseudanabaena 
cultures showed convulsant activity when injected 
intraperitoneally into mice. 

Attempts to isolate the convulsant-producing strain 
failed. Five of the major Gram-negative bacterial 
contaminants were also tested and showed no convulSsant 
activity. 

Four widely cited methods for obtaining axenic strains 
were unsatisfactory when tested with P. catenata. Attempts 
were made to devise a more reliable procedure based on 
gentle washing of filaments rather than selective 
elimination of contaminants by treatment with chemicals or 
radiation. As few as three gravity washes with culture 
medium using Millipore or Nucleopore membranes caused 
extensive stasis or lysis. These effects were overcome by 
the addition of such colloids as dextran, 
polyvinylpyrrolidone and Ficoll to the washing medium. 
Optimum protection was provided by 1% dextran (MW 81,600). 
P. catenata withstood 10 washes with dextran which reduced 
the bacterial count from 15x10° to 15 per ml. After washing 


with dextran, single filament isolates were made from 
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overlays on a washed agar containing minerals and tolerable 
concentrations of vitamins and peptones (called P-2 Agar). 
Isolates were tested for contamination by streaking and 
incubating, for one month or longer, on Plate Count Agar, 
Nutrient Agar, Trypticase Soya Broth Agar and a highly 
enriched agar called P-3 Agar +soil extract at different 
pH's and temperatures. 

Eleven functionally axenic strains of P. catenata were 
obtained by this procedure. Each strain exhibited a greater 
pH tolerance after the contaminating bacteria had been 
greatly reduced or eliminated from the culture medium. With 
Slight modifications, this dextran washing and testing 
method has been successfully used to purify strains of 


Aphanizomenon flos-aquae and Anabaena sub-cy] indrica. 
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Pseduanabaena brunea (auct?) CCAP 1464/2 

(a green-brown form) Isolator: E.G. Pringsheim 
Nomarski 2560x 

Two trichomes in mount sealed with nail polish 

for 27 hours. Prominent terminal gas vacuoles 
remain, but polar gas vacuoles have disappeared 
and have been replaced by many random gas 
vacuoles, which appear as bumps and depres- 
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Glutaraldehyde - OsO, fixation 

See Me SOOO eT TmenO 

Trichomes were washed in 5 ml of sterilized 
purified water. Note the deposition on/or 
the peeling of patches of the outer envelope 


of the cells. 63 
ie: ESecudanabachnacacenatageaucerD.. ASl—51(Bl)-g 
Glutaraldehyde - OsO, fixation 


Sera Ngee s cr OO i alae: AO 

Trichomes were washed in 5 ml of sterile puri- 
fied water. Arrow = area of deposition on/or 
the peeling of patches of the outer envelope 


Ofethe cells, 63 
EZ Rscudanabecnawacatenata,Lauterb. ASl=15(B1)-g 
Brecze) so ouestition ti kaiGion 


Se cee cn >, O0mexe Tame. 0) 

Trichomes were washed in 5 x 10 ml of sterile 
P-1l1 medium. There is no deposition on/or 
peeling of patches of the outer envelope of the 
cells that show regions of collapse due to 


freeze-drying. 65 
13 Bseudanabaena jcatenatayLauterb. A8i-51(Bl)-—g 
Breezes oubctitutllon gt xatlon 


Ser eM ono axs Tame. SenOlurs 

Trichomes were washed in 5 x 10 ml of sterile 

B=] mediums \and.ad lowed tousit in. P-=i0 for 3h). 
Freeze-substition has caused the cells to col- 
lapse, but no evidence: of rupturing 1s visible. 65 


14 Psevudanabaenaycacchata lDauterb.. VAI 15 (Bijag 
Freeze - substitution fixation 
S.EGM,. 5,200) Times0 
Trichomes were washed in 5 x 10 ml of 1% 
dextran (81,600). Some trichomes are slightly 
obscured and lying across an 8 m pore, the 
bottom portion of which is covered with a 
layer of a substance, presumably dextran. 67 
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LIST OF PHOTOGRAPHIC PLATES Continued 


Plate Description Page 
LS Pseudanabaena catenata Lauterb. A81-15(Bl)-g 
Freeze - substitution fixation 


SeneM. 71,400. .x Time 30 minutes 

The trichomes were washed in 5 x 10 ml of 1% 
dextran (81,600) and then allowed to sit in 
the medium for 30 minutes. The trichomes are 
coated with, and how strands of dextran 
attaching them to the filter. Drying has 
caused gaps to appear between some of the 


Costs 69 
16 Psevdanabaena Catenata Lauterb.* A8l-15 (Bl) +30 
Freeze - substitution fixation 


Seb aMe 15.7000 Se" limer 3 0a minutes 

The trichomes were washed in 5 x 10 ml of 1% 
dextran (81,600) and allowed’ to sit in the 
medium for 30 minutes. The trichomes are 
obviously coated by a layer of dextran which 
has dried and torn causing gaps between the 
cells during the process of freeze substitu- 


£10n. 69 
L7 Psendenabdena catenataLauterb. Agsi-51(B1)-¢ 
Freeze - substitution fixation 


SS, boM. 4e 00s x) Tame (3S hours 

The trichomes were washed in 5 x 10 ml 1% 

dextran (81,600). and. allowed to sit in the 

medium for 3 hours.) ithe individualityof the 
filaments is completely obscured by the 

deposition of dextran. 7a. 
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1, Introduction 

Cyanobacterial toxins have long been associated with 
the death of livestock and wildlife in several countries. 
These toxins include hepatic toxins (peptides), neurotoxic 
alkaloids and lipopolysaccharides. The most recent reviews 
on toxic freshwater cyanobacteria are by Collins (1978), 
Gorham and Carmichael (1979), Carmichael and Gorham (1979), 
and the proceedings of an international conference on 'The 
Water Environment: Algal Toxins and Health' (1981). Section 
2.1 presents a survey of the literature on the subject. 

Aphanizomenon flos-aquaeé L. Ralfs. has been implicated 
in many poisonings (Sawyer et a/].1968). Recently, a strain 
has been found that releases a powerful neuromuscular 
blocking agent whose properties are Similar to those of 
Saxitoxin (Schantz et a].1975), the paralytic shellfish 
poison produced by the marine dinoflagellates Gonyaulax 
catenella Kofoid and G. tamarensis Lebour. 

Gorham et a]. (1982) (Appendix I) found that during the 
summers of 1979 and 1980, blooms dominated by Aphanizomenon 
f los-aquae from Lac La Nonne (80 km. NW of Edmonton, 
Alberta) exhibited Microcystis type-c toxicity to mice 
(Carmichael and Gorham 1978) and agglutinated red blood 
cells (Carmichael and Bent 1981). This suggested the 
possibility that there were type-c toxic strains of 
Aphanizomenon flos-aquaeé in the lake. A search for type-c 
toxic strains of Aphanizomenon from this lake was undertaken 


by making a total of 128 colony isolates from five blooms 
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collected at various times throughout the summers of 1980 
and 1981. Only 73 of the 128 colony isolates survived one 
month later. Of these, six were Aphanizomenon and all were 
non-toxic. The remaining 67 had been completely taken over 
by a small-celled species of filamentous cyanobacterium that 
most closely resembled Pseudanabaena catenata Lauterb. Among 
the 67 "take-over"cultures, two were found that produced 
violent convulsions but no type-c activity when injected 
intraperitoneally into mice. One of these two 
convulsant-producing cultures had haemagglutination 
activity. This demonstrated that haemagglutination and 
type-cC activity, as observed by Carmichael and Bent (1981), 
were not invariably linked. 

To stabilize growth and toxicity of a new strain of 
cyanobacterium and establish the source of toxin it is 
necessary to achieve an axenic, or more realistically, a 
functionally axenic state. A functionally axenic strain is 
defined as one having no demonstrable multiplying 
contaminants but possibly harbouring one or a few 
contaminating cells ina state of stasis under the 
prevailing cultural conditions. 

Attempts were made to isolate a functionally axenic 
Strain of toxic P. catenata using many of the published 
methods mentioned in the literature survey in section 2.2, 
but the results were unsuccessful. From one of the toxic 
cultures, 14 non-axenic single-filament isolates of P. 


catenata were obtained but all were non-toxic. At the same 
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time it was found that both of the culture lines that 
Originally had convulsant activity were no longer toxic, 
presumably because of selection and/or take-over by 
non-toxic components during subculturing. Attempts were made 
to recover the convulsant activity by going back for inocula 
to old subcultures that had been retained. This, too, was 
unsuccessful. Further attempts to isolate a functionally 
axenic strain of toxic P. catenata were abandoned. 

Four widely cited methods for obtaining functionally 
axenic cultures, ®°Co gamma radiation (Kraus 1969,1976), 
Sulphide gradient (Parker 1982), antibiotics (Vaara and 
Vaara 1979, Rippka 1979) and phenol (Carmichael and Gorham 
1974) were examined using a strain of P. catenata and other 
planktonic cyanobacteria. Since none of these methods gave 
Satisfactory results, effort was concentrated on improving 
the washing and spatial separation techniques of Carmichael 
and Gorham (1974). Two gentler washing procedures were 
developed. However, washed filaments in nutrient medium 
exhibited stasis, clipping and lysis within a few hours 
after suspensions with low bacterial counts were mixed with 
equal volumes of washed agar medium and poured into Petri 
aashes: Unwashed filaments plated in the same way grew 
normally, albeit in the presence of high numbers of 
bacterial colonies. No improvement was achieved by washing 
with used medium that had first been rendered sterile by 


filtration through a«1.2-umsMillipore membrane. 
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As a follow-up to this published work (Gorham et 
al,1982) (Appendix I), it was decided to examine two 
particular aspects. One was the question of whether or not 
the bacteria were involved in the production of toxin by one 
of the cultures of P. catenata that exhibited convulsant 
activity. The approach was to isolate and mass culture the 
principal contaminants and test them for toxicity by 
intraperitoneal injection of extracts into mice. The other 
aspect was to critically examine the four previously 
mentioned methods for obtaining axenic cultures and attempt 
to adapt and improve the ones that appeared the most 
promising for use with P. catenata and other planktonic 
cyanobacteria. 

High-molecular-weight colloids of low osmotic potential 
have been used for many years in the isolation of 
delicately-membraned cells and organelles in both plant and 
mammalian physiology (Honda et a/. 1966, Allfrey et al. 
1964). Workers have suggested that these colloids provide 
protection to the membranes, shielding them from the 
physical and osmotic stresses incurred during isolation. 
Selected grades of these colloids were, therefore,added to 
avenene medium to determine if any would act as cell 
envelope protectants for the cyanobacterial filaments. 

inepreliminany work it was found that ‘the inclusion of 
1% Polyvinylpyrrolidone (PVP) (M.W.40,000) in the washing 
medium provided protection against cellular damage to a 


Strain of P. catenata as judged by greatly increased 
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filament viability. A systematic study was, therefore, 
undertaken to examine this and other high-molecular-weight 
colloids for their value as protectants during 
gravity-washing of P. catenata and other species of 
planktonic cyanobacteria. The intention was to determine the 
optimum type, grade, molecular weight, concentration and 
mode of action of these compounds. The possibility that the 
failure of antibiotics and antiseptics could be reversed by 
the inclusion of high-molecular-weight colloids was also 
examined. 

Attempts were then made to improve the media and 
methods for identifying the presence of contaminating 
bacteria and for retrieving from agar viable cyanobacterial 
colonies that were apparently bacteria-free. The 
improvements were then combined with the most successful 
washing procedure to produce a more reliable method for 
obtaining functionally axenic clones of P. catenata and 


other planktonic species than achieved previously. 
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2. Literature Survey 


2.1 Toxic cyanobacteria 

Outbreaks of cyanobacterial poisonings have been 
documented world-wide since the late 1800's, with the 
majority of references appearing since the late 1940's. Of 
the several genera of cyanobacteria that have been 
implicated with the death of livestock, waterfowl and fish, 
toxic isolates have been cultured in only three. These are 
Microcystis aeruginosa Kutz. emend. Elenkin, (includes 
Microcystis toxica Stephens), Anabaena flos-aquae (Lyngb.) 
de Breb. and Aphanizomenon flos-aquaeé (L.) Ralfs. Sickness 
and possible death occurs when toxic strains of common 
Species dominate the bloom sufficiently to provide 
above-threshold levels of phycotoxins to susceptible 
animals. 

The early evidence of toxicity associated with 
cyanobacteria came exclusively from field observations. It 
was noted that livestock which watered on ponds with 
extensive cyanobacterial populations became ill and 
frequently died within a few hours of consumption. Francis 
(1878) reported that a thick scum of Nodularia spumigena on 
hake Alexandria, Australia, was responsible for the deaths 
of sheep, dogs, horses and pigs. At about the same time 
Porter, Arthur et al]. (1886) reported that Gloeotrichia 
echinulata was responsible for the deaths of domestic 


animals in Minnesota. Fitch et a/].(1934) reported that a 
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bloom of Coelosphaerium kuetzingianum was responsible for 
mortalities of sheep, chickens and hogs in Oaks Lake, 
Minnesota during the summer of 1918, whilst the cattle 
deaths in Minnesota (1930-31) could be attributed to 
Microcystis aeruginosa and Anabaena flos-aquae. Steyn (1945) 
Stated that Microcystis toxica was responsible: for the death 
of thousands of sheep and cattle in the Vaal Dam region of 
South Africa since the turn of the century. South African 
workers headed by Louw (1950), however, were among the first 
to try to identify a phycotoxin released by a 
Microcystis-dominated bloom in the Vaal Dam. They concluded 
that the toxin was an hepatic alkaloid. This was later 
proved to be incorrect when Hughes et a/].(1958) were able to 
obtain a toxic colony isolate, designated NRC-1, froma 
Canadian lake. The toxin, initially called Fast Death 
Factor(FDF), later renamed microcystin (Konst et a].1965), 
proved to be one of five, closely related, 
low-molecular-weight peptides having properties that 
Suggested a cyclic structure (Bishop et a/].1959). The toxin 
produced enlargement and congestion of the liver with 
necrosis of the hepatic cells and punctate haemorrhages that 
were constant and pathognomic (Konst et a@].1965). More 
recently, Carmichael and Gorham (1978) have isolated strains 
of Microcystis aeruginosa from lakes in Alberta and 
Saskatchewan which produce signs of poisoning that differ 
from those of microcystin. Death is by cardiovascular 


collapse, with signs of some liver damage indicating a 
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two-fold nature to the toxin. Since the symptoms closely 
resemble those of Anabaena type-c toxin, it has been 
designated Microcystis type-c toxin. 

Runnegar and Falconer (1982) investigated the effects 
of a toxin from a Microcystis bloom (that occurred in an 
Australian reservoir) on liver slices, isolated 
mitochondria, and microsomes from mice. The toxin affects 
hepatocytes in vitro ina specific way causing deformation 
in a dose-dependant manner. The peptide toxin was shown to 
have no Significant influence on the major metabolic 
Bunactivonsrinithevlivervindicatingeituis asceliularitrather 
than metabolic toxin. 

Over the years, confusing results have been reported 
about the structure of microcystin and other toxic peptides 
produced by strains and blooms of Microcystis aeruginosa. 
Eloff et al]. (1982), and Botes et a].(1982) have recently 
shown that one of the principal reasons for the variability 
is that different strains produce mixtures of chemically 
related toxic peptides (which can be resolved by high 
performance liquid chromatography). However, findings of the 
two groups differ in several important respects, 
particularly as to the molecular weight, amino acid 
composition and sequence, and whether or not there is a 
20-carbon non-peptide moiety as part of each. 

Anabaena flos-aquae has been studied as a toxic 
cyanobacterium by many workers including Firkins (1953), 


Rose (1953) and Olson (1960), but Gorham et a/].(1964) were 
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eheehirstptogueporbyattoxiercobonynasolatelatThe toxin, 
initially called Very Fast Death Factor (VFDF), and later 
renamed anatoxin-@ (Devlin et a].1977) is a powerful 
post-synaptic depolarizing neuromuscular blocking agent 
which causes death by respiratory arrest (Carmichael et 
A mOUSIRMIe ws ankatkalairdng2sacer yi-Stazcsbicyclowts.2. 1. } 
non-2-ene, having a molecular weight of 165 (Devlin et 
al.1977). Two syntheses of anatoxin-@ have been published 
(Campbell et a/].1977, Bates and Rappaport 1979). It produces 
a post-Synaptic depolarising sign of opisthotonous and 
muscular rigidity in avian species such as duck and chick. 
By this pharmacological sign and others, such as 
lachrymation, chromodachryorrhea (bloody tears) and 
Salivation, and by different survival times with mice, rats 
and chicks it has been possible to identify three, and 
possibly five, additional anatoxins (Carmichael and Gorham 
1978, Carmichael 1982) provisionally called 
anavoxinssatsn, soehaels); -c, and -d:. 

The third major bloom-forming species, Aphanizomenon 
f los-aquae, has been associated with toxic outbreaks for 
many years, but until the late 1960's no toxic isolate had 
been recorded. Sawyer et a/].(1968) isolated an atypical, 
non-colony-forming, non-axenic clone of the species from a 
New Hampshire lake. The toxin produced is called aphantoxin 
(Alam et a].1973). It has chemical and pharmacological 
properties which resemble some, if not all, of those 


possessed by saxitoxin (Schantz et al].1975, Schantz 1981) 
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which is produced by the marine dinoflagellates Gonyaulax 
catenella. and G. tamarensis. Work by Gentile and Maloney 
(1969) indicated that aphantoxin was released only from aged 
or lysed cells. More recently Alam et a].(1973,1978) and 
Alam and Euler (1981) demonstrated that aphantoxin consists 
of a mixture of saxitoxin and some of its derivatives, 
especially neoSaxitoxin and gonyautoxin II (Carmichael, 
1932). 

Aphantoxin has recently been studied pharmacologically 
by Carmichael (1982). His work indicates that aphantoxin has 
agonist properties on chick biventer cervicus and guinea pig 
ileum muscle preparations. These results are in contrast to 
results with saxitoxin. The latter has been found to 
specifically block sodium channels (Gentile and Maloney 
1969, Sasner Jr. et a].1981). and has little effect on these 
muscle preparations. Carmichael suggests that his results 
can be explained if aphantoxin has an effect on calcium as 
well as sodium channels. 

There are reports of toxicity produced by several other 
species of cyanobacteria (Schwimmer and Schwimmer 1964, 
Carmichael 1982). Besides mammals and birds, invertebrates 
(Lambert 1981, Ransom et a/].1978), true algae and other 
species of cyanobacteria (Mason et a/.1982) may be affected. 

The only reported incidence of toxicity concerning 
Pseudanabaena is that of a bloom of Microcystis farlowiana 
and Pseudanabaena franquetti from Lac du Bourget (Savoie) in 


France which was found to inhibit benthic fauna (Gevrey et 
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al.1972, Michel et a/].1972). Experiments indicated that one 
or several toxic factors liberated by the death of the 
cyanobacterial cells killed fish, chironomid larvae and 
molluscs (species of Anodonta). The snails died within 48 
hours, their death preceded by a general paralysis. The 
toxic factor(s) was thermoresistant and soluble in water 


with only the lysed cells exhibiting toxic action. 


2.2 Isolation and purification of cyanobacteria 

Past experience with studies of toxic cyanobacteria has 
demonstrated the need for obtaining axenic or, at least, 
functionally axenic strains to establish the source of the 
toxin and to help stabilize growth and toxicity of mass 
cultures. The primary obstacle to obtaining a functionally 
axenic culture lies in the successful elimination of the 
relatively high populations of free-living or associated 
bacteria without causing damage to the desired 
cyanobacterial cells (such as causing them to lyse or enter 
a period of prolonged stasis). Recent work by Ecker, Foxall 
and Sasner (1981) has provided a series of electron 
micrographs of glutaraldehyde-fixed filaments of three 
species of cyanobacteria that show bacteria adhering to the 
extracellular mucilagenous layer which is present with many 
species. Pearl and Kellar (1978), and Ecker et a/].(1981), 
have indicated that bacteria associated with heterocysts of 
Anabaena and Aphanizomenon assimilate amino acids and sugars 


as well as increase the efficiency of nitrogen fixation. The 
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mature heterocyst wall in these species has been reported to 
contain more than 70% glucose compared with 35% in the 
vegetative cell (Dunn and Wolk,1970). These two factors 
combined with the nitrogen-fixing ability of heterocysts may 
account for the presence of bacteria attached to these 
cells. It 1S entirely conceivable, therefore, that some 
cyanobacteria are obligate symbionts (Ecker et a/].1981). 

Leppard et a/].(1977) and Massalaski and Leppard (1979) 
have provided proof of the existence of electron-opaque, 
nonyrigid microfibrils jof approximately 3 »torl0nm in 
diameter which are found in abundance in the outer cell 
envelope of certain species of freshwater algae, 
cyanobacteria and microbes. Individual fibres may form a 
complex mesh-like aggregate which can break apart and 
re-associate. Mesh-like aggregates also appear to adhere to 
cells, thereby further increasing the possibility of 
bacterial association. 

The purification of cyanobacteria is essential to avoid 
possible complications associated with the presence of 
contaminating microorganisms and various methods have been 
employed by workers to reach this end. 

Kraus (1969,1976) and Lange (1976) have reported that 
appropriate doses of gamma radiation will selectively 
eliminate a bacterial flora, leaving a population of viable, 
axenic cyanobacteria. Kraus reported a tri-level variation 
in species susceptibility to radiation, with the highest 


dosage, 1200krads, completely removing any bacterial 
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presence, whilst leaving the test species of cyanobacteria 
axenic and viable. However, it must be noted that only 
Anacystis nidulans and an Oscillatoria sp. were able to 
Survive such high dosages. All planktonic forms were far 
more susceptible to radiation damage and lysis at dosages in 
excess of 300krads. 

The use of antibiotics to obtain bacteria-free cultures 
of algae and cyanobacteria has been reported by several 
authors (Carmichael and Gorham 1974). Provasoli et a].(1951) 
found that the use of appropriate combinations of the 
anerbLorics Bpentorllin}p streptomycin) ichlorotetracyeline; 
chloramphenicol, bacitracin and polymyxin resulted in the 
elimination of both Gram-positive and Gram-negative 
bacterial contaminants from algal and protozoan cultures. 
However, Tchan and Gould (1961) and Hunter and McVeigh 
(1961) reported that the inclusion of antibiotics in the 
culture medium of cyanobacteria proved to be more inhibitory 
to the cyanobacteria than the bacteria. 

Vaara and Vaara (1979) have recently reported that the 
ada 1reTonecivthetantrbiotie, (Decyoloserine}) tosa culeuney rs 
an effective way of reducing its bacterial population. 
Results indicated that 13 strains of Pseudanabaena could 
effectively be termed axenic after treatment with 
cycloserine in tryptone-yeast extract-glucose broth (TYG) in 
the dark to select for obligate photoautotrophs. 
Purification of these strains employed the general 


principles of the classic antibiotic enrichment method, 
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Originally developed for isolation of auxotrophic bacterial 
mutants (Hopwood,1970). More recently, Rippka (1979) has 
also indicated that the antibiotic, ampicillin, can 
effectively be used to purify cyanobacterial strains 
following the procedure of Hopwood. 

Parker (1982) has recently reported that Microcystis 
can be successfully treated with sodium sulphide and 
Sulphite to selectively eliminate contaminating bacteria. 
This method employs a nutrient agar plate containing 2mM 
sodium sulphite upon which a drop of 2M sodium sulphide is 
placed at the centre and allowed to diffuse outwards. The 
complex radial gradients of pH, sulphide and sulphite 
provide a zone of bacterial suppression and lysis whilst 
allowing the cyanobacterial cells to retain viability. 

The culturing of certain cyanobacteria on agar media 
has been employed by phycologists for many years. However, 
it has also been noted that certain planktonic forms could 
not be reliably grown on agar. Early work on agar culturing 
was carried out by M.B. Allen (1952) and M.M. Allen (1968). 
The latter discovered that the toxicity of agar to Anacystis 
nidulans could be reduced by autoclaving the agar and 
mineral nutrients separately. Stanier et a/].(1971), utilized 
this method to successfully produce axenic cultures of 
non-motile cyanobacteria by early transfer of colonies 
performed under a dissecting microscope together with 
numerous restreakings to selectively eliminate the 


contaminating bacteria. 
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Carmichael and Gorham (1974) have reported that agar 
contains water-soluble inhibitors that can be removed by 
washing the agar in distilled water. They found that 
cyanobacterial colonies, developed from single filaments 
well isolated from bacterial colonies when poured in washed 
agar, could be selected by uSing an inverted microscope and 
removed in agar cores to sterile medium by use of a Pasteur 
pipette. 

Allen and Gorham (1981) discovered that the toxicity in 
agar waS generated by heat-induced chemical reactions. They 
foundethe -tirerwomtlytievagenats )stotbesatfunetion of 
temperature, duration and repetition of heating. The lytic 
agent(s) could be removed by repeated leachings with 
purified distilled water. Care must be taken to sterilize 
washed agar by germicidal UV radiation and to barely melt it 
at 70°C in a microwave oven to avoid the generation of a 
fneshtbhatch offlytiesagéntts). 

Koch (1965) and Vaara and Vaara (1979) reported that 
some filamentous cyanobacteria have been purified by taking 
advantage of their vigorous gliding movements and inducing 
phetotacvicemi gratiocntoskstrichomes s0A smal Pipatcheot 
material was placed on scored agar at one side of a Petri 
dish which was illuminated from the opposite side. The 
cyanobacteria responded by gliding across the plate towards 
the region of higher light intensity. AS soon as some of the 
organisms reached the opposite side they were removed from 


the agar and subjected to a repetition of the same 
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procedure. The gliding movement of the cyanobacteria allowed 
some filaments to outgrow the bacterial contaminants 
resulting in an axenic culture. Vaara and Vaara (1979) 
claimed that by uSing this way they were able to purify 
species of the following genera: Pseudanabaena, Oscillatoria 
and Anabaena. 

It has been found that phenol is more toxic to actively 
dividing bacterial cells than to non-dividing cells (Hobby 
et a].1942). Carmichael and Gorham (1974) based their method 
for obtaining axenic cultures on this differentiating effect 
of phenol. By treating suspensions of bacteria and 
cyanobacteria in a nutrient-rich medium in the dark, 
actively dividing heterotrophic bacterial cells become more 
susceptible to phenolic attack than the non-dividing 
cyanobacteria. After washing, dispersing in pour-plates 
prepared with washed agar and incubation, filaments were 
isolated by coring and tested for axenicity by 
phase-contrast microscopy and a battery of bacteriological 
media incubated at different temperatures. 

Carmichael and Gorham (1974) and Gorham et al].(1982) 
have reported upon the use of washing processes to remove 
antibacterial agents or to serially dilute bacterial 
contaminants from a culture of cyanobacteria. Although 
Serial dilution succeeded in greatly reducing the bacterial 
count it also caused some form of damage to the cell 
envelopes of the cyanobacteria, resulting in stasis and, 


more frequently, lysis. 
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In a variety of biological situations, inert 
non-ionized polymers of high molecular weight are utilized 
aS protective colloids. Some rather well-defined substances 
with such properties are readily available. Most of these, 
however, even in moderate concentrations, yield highly 
viscous solutions which may be disadvantageous for some 
applications. Ficoll and Polyvinylpyrrolidone (PVP) have 
been used as stabilizing agents in protein solutions and in 
the preparation and purification of living cells and cell 
fragments (Honda et a].1966, Ketchum and Holt 1970). High 
molecular-weight polymers of D-glucopyranose, synthesized 
from sucrose by a number of bacterial species belonging to 
the family Lactobacillaceae and named dextrans, have also 
been used as protective colloids (Ponder 1957, Rampling and 
Sirs 1975, and Ogiso et a].1977). At high molecular weights 
these colloids do not permeate cell membranes and exhibit 
very little osmotic action. They have been used in the 
preparation of axenic, morphologically intact nuclei from 
Spinach mesophyll cells (Honda et a/].1966, Albertson 1971). 
Suggestions by previous workers, Reardon et a/].(1979), have 
indicated that microalgae can successfully be isolated by 
centrifugation utilizing high molecular-weight colloidal 
Substances. A greater incidence of membrane integrity was 
achieved after centrifugation, indicating that the colloid 
had acted as a "“membrane-protectant" shielding the cells 
from the physical damage incurred during the separation 


process. In a follow-up to the work reported by Gorham et 
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al. (1982) stasis and lysis of cyanobacteria caused by 
gentle washing could be prevented by the inclusion of an 
appropriate concentration and molecular weight of PVP in the 


nutrient medium for washing. 
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3. Materials and Methods 


3.1 Cyanobacterial cultures and their sources 
The following cultures, isolated from Lac La Nonne, 

were used: 

Pseudanabaena catenata Lauterb. A81-15(B1) and strains 
(single-filament isolates or re-isolates designated by 
appended letters, numbers, letters, such as -g-22-b) 
Aphanizomenon flos-aquaeé Ralfs. A81-31(C5) 

Other cultures used for purposes of comparison were: 

Anabaena flos-aquae (Lyngb.) de Breb., NRC-44-1 
(strain) 
Anabaena sub-cylindrica Borge A78-1(strain) 
Pseudanabaena catenata Lauterb. CCAP 1464/1 
Pseudanabaena brunea (auct?) CCAP 1464/2 

The last two cultures were obtained from the Culture 

Collection of Algae and Protozoa, Cambridge, England and 


were isolated by E.G. Pringsheim. 


3.2 Identification of Pseudanabaena isolates 

The 67 Aphanizomenon flos-aquae cultures that were 
completely "taken-over" (Table 1) by a species of 
cyanobacterium that most closely resembled Pseudanabaena 
catenata Lauterb. (Geitler 1932) were examined 
macroscopically and microscopically with phase contrast and 


Nomarski optics. 
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Table 1. Colony isolates of Aphanizomenon blooms collected from 
Lac La Nonne, and "take-overs" by Pseudanabaena catenata. 


Aphanizomenon Pseudanabaena 

Dates Number of Isolates Take-overs 

Blooms Atter After After 
Year Collected Tnitaial l wk. 4 wks. 4 wks. 
1980 Sept 17 24 6 0) 6 
1981 July 127 36 14 4 2 

Aug 27 SU 20 0 19 

Sept 27 45 i hs 2 4 

Sept 27 12 12 @) i 

Oct 6 24 24 @) 24 

meee” 178 89 6 67 


1 : : s 
Isolates not accounted for were discarded because of lysis, contamin- 
ating green algae or protozoa. 


em a nn me ly 
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The "take-over" isolates appeared yellow-green, 
green-brown or brown-purplish in suspension (Plate 1) and 
after lyophilization (Plate 2) and exhibited poor to good 
growth. Bacterial contaminants ranged from trace to 5+ (ca. 
25 x 10’ per ml.) and included many different species. The 
flexuous filaments consisted predominately of somewhat 
irregular chains of subcylindric cells without heterocysts, 
akinetes or obvious sheaths. Occasional jerky bending and 
Straightening or waving movements were seen in a few mounts. 
Phe Celisewerem po, toc J ouMy  naolvameter x 1.3 to: 2.5 or 1.9 
to [07077 cccasionally to 3é4um- long, with or without ‘some 
irregular (bulged, curved, S-shaped, branched or coccoid) 
cells and misshaped tip cells. There were filaments with 
cells that were without and filaments with cells that had 
faint to prominent polar and/or sub-polar gas vacuoles, 
and/or faint to prominent random gas vacuoles (Appendix 2). 

The absence of prominent polar gas vacuoles and the 
pronounced purple colour of the freeze-dried suspensions of 
"take-over" culture A81-15(B1) and filament isolates from it 
initially caused the cyanobacterium to be referred to as 
Pseudanabaena sp. (Gorham et a/].1982). However, comparison 
of strain A81-15(B1)-g (Plate 3) with Pseudanabaena catenata 
Lauterb. CCAP 1464/1 and Pseudanabaena brunea (auct.?) CCAP 
1464/2 (Plates 4, 5 and 6) and the other "take-over" 
isolates made it seem that all were forms of P. catenata 
Lauterb. that vary in cell diameter, cell length, shape of 


tip cells, gas vacuoles, pigments and motility. 


veo) #8 Ay mez? ies 
ad? .eotdega dhoveltié rah 
jedwames to iieieaea 


ae a) oo ra3 a1 Sumdy? ~y i iad 


BSB vo9 5 


e ] j a @é 7 Lf 
Snj2e 20s 22W. 320. HSLw 
(Rioone> ty Bedecsid .63geras2 
~ 
aictw 2 eines £4 =| ‘ > £Syri 2iL rst 
oes ne 2189 G.3i<W } ait L 
\a>s voe Aah TE f GL ij 4 Or. 5 
6S xibsea@dA) Befounev e6n volinniy snenaorm, 


Lg 


to gnotanheqave haise-ssgesti on 


é 


tf mMO3J1 askJ¢loeai CneWBSt? ore |! 


oh Et oe iv 
25 oF botialiga sd. ag immhineroastoneys’ on Sep 
os Sigae 


i 
7 


(oP ii SIMCS , TBVSWS ae (28 ie FS ik tanacd! 


sjeaneten eteadensousad4e lw | igaedaia) p+ hte) Paha niet 


JA39 (<.720e) gonad Benda busen Sas 1 \taeT “Sie 
“yavo-as2” setde\sdd Das (a. bnace ,e aagetey - 
stenasss.. to emios 9i9K fie tists mase di | 
i» syada (dipnet [ies saaeie th PSs nt {3H 


“liso Sie es oametgy sas igus, 


Ts 


vara ae) i 7 a ’ =. 
pt or SA Nee Ae be Whe 


: i be Dw : uae ‘i Cia 
Wed ins 


t 
» 
a 
7 7 we err ad, : ,, 
; ho) aL ‘ee Te We Ry! ; 
7 aa Ms ned x ia a ata ua ee 
alee 7 a, ; i 
Neleteie Ong Mechs teks. e 
d OG ye ih. 4 eee se c 
rity) 4 Py a ml 
° ; y r iy : Ae any o Bie ¥." 7 ,! i 
" SS ry | . oi abies 5 ‘i r 
a) J a“ 
ie. rm Ls 
"| Rama is eg Aa ae a ; 
7, P i Dae | LZ : “4 ae ho. ty ih Tn ee 
¢ iW 
q ? ‘ ‘ ' ay 
' : ue. md i 
sy 
te i aie 
a 


i pie che Mit 
4 out 
« 


Sahel OU 
te 4 re tee 
re , 


Plate | 


To illustrate colour differences between a culture of Aphanizomenon flos-aquae 
A81=-31(C5) (left 2-litre flask) and a "take-over" culture of Pseudanabaena 


catenata (right 2-litre flask). 
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Plate 2 


Freeze-dried powders illustrating the colour differences between four strains 


of Pseudanabaena catenata "take-over" cultures (left) and an Aphanizomenon 
flos-aquae culture (far right). 
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Plates5 


Non-toxic strain of Pseudanabaena catenata Lauterb. A81-(Bl)-g (a brown- 
purple form),Isolator: P.R. Gorham. 


a) Phase Contrast 1000x 
Fragments and one long flexuous trichome consisting of chains of 
regular subcylindric cells of va: ...5le length. No gas vacucles are 
clearly discernible. 

b) Nomarski 2560x 
Two trichomes that show a difference in diameter. Random gas vacuoles 


appear as shallow depressions. Prominent polar gas vacuoles appear as 
deep depressions. 
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Plate 4 


Pseudanabaena catenata Lauterb. CCAP 1464/1 (a green form) Isolator: E.G. 
Pringsheim. 


a) 


b) 


Phase Contrast 1000x 


Short flexuous trichomes consisting of chains of regular subcylindric 
cells of variable length. Prominent terminal and random gas vacuoles are 
visible in certain trichomes appearing as bright spots. Faint polar gas 
vacuoles account for apparent spacing of cells. 


Nomarski 2560x 


Two trichomes with terminal gas vacuoles which appear as bright hemis-— 
pheric spots at bottom ends. Bright spots in and between cells are 
random and/or polar gas vacuoles. 
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Pilate 5 


Pseudanabaena catenata Lauterb. CCAP 1464/1 (a green form) Isolator: E.G. 
Pringsheinm. 


a) Nomarski 2560x 


Single trichome in mount sealed with nail polish for 27 hours. Promi- 
nent terminal gas-vacuoles at bottom end of trichome. A111 other cells 
show only random gas vacuoles. 


b) Nomarski 2560x 


Single trichome in mount sealed with nail polish for 27 hours showing a 
pronounced bend. One cell has a large gas vacuole that occupies vir- 
tually the entire cell. Sub polar and random gas vacuoles appear as 
bumps or depressions. 


ot 


ve 


Rippka et al.(1979) have suggested that a major 
diagnostic feature of this species is the presence of 
prominant polar gas vacuoles in each individual cell of a 
filament. However, Bourrelly and Caute [sas venenced the 
name of strain 391 of the Algotheque of the Museum National 
d'Histoire Naturelle, Paris from P. catenata Lauterb. to P. 
galeata Bocher because P. catenata 1S supposed to lack 
pseudovacuoles! In aqueous mounts of P. catenata, CCAP 
1464/1 and P. brunea CCAP1464/2 that were sealed with nail 
polish for 2h, 1 was found that the prominent polar gas 
vacuoles became faint and disappeared while faint to 
prominent random gas vacuoles appeared and remained stable 
for 24 to 27h (Plates 6 and 7). Therefore, prominant polar 
gas vacuoles are not reliable as a diagnostic feature for 
this species since their presence seems to be subject to 
change depending on environmental conditions. Because of the 
range of variation observed in the different cultures and 
the prevailing confusion about the taxonomy of 
Pseudanabaena, it was decided to be conservative and refer 
to all the "take-over" cultures (and isolates derived from 


them) as P. catenata Lauterb. 
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Plate 6 


Pseudanabaena brunea (auct?) CCAP 1464/2 (a green-brown form) Isolator: 
E.G. Pringsheim. 


a) Phase Contrast 1000x 
Several flexuous trichomes consisting of chains of regular subcylindric 
cells of variable length. Prominent polar and terminal gas vacuoles can 
be seen in all trichomes as bright spots. 


b) Nomarski 1560x 


Four trichomes with terminal and polar gas vacuoles which appear as 
deep depressions. Random gas vacuoles appear as shallow depressions. 
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Plate 7 


Pseudanabaena brunea (auct?) CCAP 1464/2 (a green-brown form) Isolator: 
E.G. Pringsheim. 


Nomarski 2560x 


Two trichomes in mount sealed with nail polish for 27 hours. Prominent 
terminal gas vacuoles remain, but polar gas vacuoles have disappeared and 
have been replaced by many random gas vacuoles, which appear as bumps and 
depressions. : 
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3.3 Media and culture conditions for cyanobacteria 

Purified distilled water was used throughout. It was 
prepared by passage through a Barnstead organic filter 
followed by a cation removal cartridge. 

The media used initially for culturing Aph. flos-aquae, 
Anab. flos-aquae, Anab. sub-cylindrica and P. catenata were 
ASM-1 and ASM-2 (Carmichael and Gorham 1974). These media 
were found unsuitable for optimum growth of Aph. flos-aquae 
and P. catenata and were replaced by P-1 and P-2 media 
(Table 2). P-1 medium is a modified form of ASM-1. Buffering 
1S increased by the replacement of Na2zHPO, by an equimolar 
amount of Na;P0O,.12H20 (pH 8.5). The exclusion of ZnCl, and 
the reduction of NaNO; to '/, strength are the other 
modifications. P-2 medium consists of P-1 medium plus the 
Same mixture of vitamins and peptones that are used in ASM-2 
medium. P-3 medium consists of P-2 media plus a supplement 
of the yeast extract and dextrose components of Difco Plate 
Count Adarvat 7/ .oe7Strength. 

Agar media were prepared by using washed gels of 1.5% 
Oxoid or 2% Difco Bacto agars combined 50:50 with the 
respective autoclaved double-strength medium (pH 8.5) after 
UV-Ssterilization and minimal heating of the agar to 70°C in 
a microwave oven, as described by Allen and Gorham (1981). 
For more reliable growth, the agar was washed with 2mM 
NaHCO; (pH 8.5) rather than purified water. The Marine 
Colloids Sea Plaque agar and Marine Colloids 


Low-~Temperature-Gelling Agarose that were tried were 
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obtained from Mandel Scientific Company, Rockwood, Ontario. 
Isolations, washings and transfers were made in a 
laminar-flow hood. Washed filaments were cultured in 
screw-capped tubes, Delong flasks or Petri dishes at a 
constant 21°C in continuous cool white fluorescent light. 
The photosynthetically active radiation (P.A.R.) 400-700nm 
of this light was 40uE m* s°', as measured with a Lambda 


L1-185 quantum Sensor and meter. 
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Table 2. Composition of P-1l basal medium and modifications used. 


P-1 medium mg/1 P-2 supplement mg/1 
NaNO, G25 Thiamine O20 
K,HPO yee Pyridoxine 0.16 
Na,P0,.12H,0 38 Calcium pantothenate 0.08 
MgCl, 19S02 Riboflavin ; 02 
MgSO, 24.08 Biotin 0.01 
cacl, i Dee Folie acid 0.002 
FeCl, On05 Cyanocobalamin 0.001 
HBO, 2.47 Sodium caseinate (Difco) LOeO 
MnCl, O..87 Tryptone (Difco) LORO 
CoCl,, O21 Proteose peptone (Difco) LOO 
CuCl, 0.0001 

Na EDTA 6.64 


P-2 medium consists of P-l1 medium plus the P-2 supplement. 


P-3 medium consists of P-2 medium + a supplement of yeast extract 
(Difco) 25.0 mg and Dextrose (Difco) 10 mg per l. 


P-3 soil extract medium consists of P-3 medium + 2 - 10 ml1/1 soil extract. 


P-1, P-2, P-3 and P-3 Soil Extract Agars consist of the respective double- 
strength media added to equivolumes of 2% Bacto washed agar (pH 8.2 
fOsos 54 
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3.4 Isolation and culture of bacteria 

The major bacterial contaminants of an actively growing 
21-day-old sub-culture of A81-15(B1)-g were isolated on 
Bacto Plate Count Agar. A dilution factor of 10° produced 
148 colonies on the agar surface indicating a total 
baGre tie. Count, Oluslacoel0” ~cel ls /mil- of. ic) pares. ive 
predominant bacterial species were isolated by repeated 
restreakings and mass cultured in 2-1 of Nutrient Broth for 
48h at 28°C on a gyrorotary shaker. The bacterial 
Suspensions were harvested using a Sharples centrifuge and 
freeze-dried. Freeze-dried cells were resuspended and 
intraperitoneally injected into male mice to test for any 
possible toxic action at a dosage level >1500mg kg™' body 


weight. 


3.5 Methods of toxicity-testing 

Cultures were freeze-dried and tested for toxicity by 
preparing thick suspensions (64mg/2.0ml) which were injected 
intraperitoneally into 20-g ALAS strain mice (male), using 
two per dosage level. Disposable Plastipak syringes and 
needles were used throughout. The mice were examined hourly 
for 8-12 hours and autopsied to ascertain if any liver 


damage or other abnormalities were visible. 
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3.6 Equipment and materials for purification 

For Kraus's (1969,1976) °®°Co method an Atomic Energy of 
Canada Ltd. Gammacell with an output of 73.2krad h-' was 
used. 

For Parker's (1982) Na2S drop method ASM-1/washed Bacto 
agar containing 2mM Na2SO3 was used. The 2.0M Na2S was 
dissolved in air and used immediately instead of being 
dissolved under nitrogen and stored for use. 

For Vaara and Vaara's (1979) antibiotic enrichment 
method P-2 medium was used rather than TYG broth. The 
antibiotics ampicillin (Ayerst Labs. Montreal, Canada) and 
D-cycloserine (Sigma Chemical Co. St. Louis) were tested at 
eoncentrations OF 8 oo anaes. 0mg/mls 

For Carmichael and Gorham's (1974) method, phenol was 
used at scCONncCenNtbatione of 0.1, 0.2) sand Oy3 uw ve 

For washing, the second method described by Gorham et 
al. (1982) was used. The washing apparatus is pictured in 
Plates 9 and 10. Depending on the viscosity of the washing 
medium, Millipore and, later, Nucleopore membranes having 
pore sizes of 1.2, 5.0 and 8.0 um were used. 

The following high-molecular-weight colloids were 
obtained from Sigma Chemical Co. and were tested as cell 
envelope protectants during washing: Polyvinylpyrrolidinone 
commonly called Polyvinylpyrrolidone or PVP (MW 10,000, 
40,000, 40,000T, 360,000), dextran (MW 10,300, 40,000, 

Sie 500, 25o2 CUCU eoro,, 000) Ficoll .(Mw 70,000, 400, 000, 


400,000DL), inulin (MW 7200, 7360) and gelatin. 
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Plate 6 


Washing apparatus used for the reduction of bacterial flora, and the recovery 
of Pseudanabaena catenata from a mixed cyanobacterial/bacterial culture. 
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Plate 9 


Recovery of filaments of Pseudanabaena catenata after washing with P-l 
medium and/or dextran (81,600 1%). 
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3.7 Isolation and testing of functionally axenic strains 

Colonies of cyanobacteria from single filaments in 
pour-plates that showed no obvious bacterial association 
were isolated by coring with a Pasteur pipette or a needle 
having a 1.0um diameter tip (Minuten insect pin). Cultures 
exhibiting the lowest bacterial count were washed with 
dextran 81,600, overlay-plated in P-3 washed agar pH 7.0, 
Ue Ore 0.0, 0.5, and 9.0), anGuincubated under conseanteltgnt 
at 21, 28 and 35°C. Each plate was examined microscopically 
(x400) over a period of 21d to check for contamination after 
which time further isolations were made. These isolates were 
transferred to successively larger volumes of P-3 medium up 
LO, mand including, 250ml, 

Contamination of the isolates was tested after one 
month by adding 0.2ml of actively growing culture to washed 
agar plates of P-3 Agar, Plate Count Agar, Trypticase Soy 
Broth Agar and Nutrient Agar and incubating at 21°C for 10 
days. Those plates from cultures that appeared to be 
functionally axenic were sealed with Parafilm and incubated 
under constant light at 21°C for three months to provide an 
opportunity for any latent bacterial contaminants to become 
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4, Results and conclusions 


4.1 Comparison of commercial agars for culturing planktonic 
cyanobacteria 
A number of commercial washed agars were used to gel 
ASM-1 medium by a modification of Allen and Gorham's (1981) 
method. Growth of P. catenata and other species of 
planktonic cyanobacteria on the different agars was compared 
to see which was most suitable for further use (Table 3). 
Sea Plaque agar proved to be the least effective. All 
Species and strains exhibited clipping and, or, lysis when 
pour-plated into, or placed upon its surface. 
Low-Temperature-Gelling Agarose, despite the obvious benefit 
of permitting plating at a much lower temperature than the 
other agars, provided suitable growth for only An. 
sub-cylindrica. P. catenata showed signs of very slow 
growth, but clipping and stasis was also prevalent. 
Both Oxoid No.1 and Difco Bacto agar were found 
Suitable for most species after washing and raising their pH 
to about 8.5. Difco Bacto agar was chosen for further uSe as 


P. catenata grew best with it. 
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Table 3. Growth of P. catenata and three other species of planktonic 
cyanobacteria on four commercial agars (1%) washed with 
2mMNaHCO,, pH8.5. 


B ’ 
Low Temperature Difco Oxoid 
Species Sea Plaque Gelling Agarose Bacto Now 
P. catenata (ee a ee a 2 EL Lene.) S+ 5+ 
An. sub-cylindrica 3+ EEC. i) By 2 Sa 
Aph. flos-aquae hes at oe 
M. aeruginosa a ot ot 


*Growth rate estimated as tr = trace, 3+ = medium, 5+ = maximum; 


c = clipping, lysis of one or a few adjacent cells in a filament; 1 = 
lysis, disintegration of all or nearly ald) cells of ayrulament 
leaving only ghosts 
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4.2 Toxicity of P. catenata "take-over" cultures 

Intraperitoneal injection of two of the 67 "take-over" 
cultures into mice caused violent convulsions and a loss of 
sensitivity to touch by the eyes and ears. A paling of the 
outer margins of each liver lobe was seen after the animals 
were Sacrificed and autopsied. 

To check whether the convulsant activity might be of 
bacterial origin, the five major bacterial contaminants of a 
21-day-old sub-culture of A81-15(B1) were isolated, 
mass-cultured, and suspensions of freeze-dried cells 
injected intraperitoneally into mice at a dosage level of 
>1500mg kg' body weight. None of the five bacterial isolates 
produced convulsions such as were witnessed with suspensions 
of freeze-dried A81-15(Bi) culture. They only exhibited 
Signs of slow death over a 24-to 36-h period characteristic 


of bacterial endotoxic poisoning. 


4.3 Methods of isolation and purification 

Over the years, many methods based on selective 
destruction of contaminants have been published, but, 
generally speaking, none have proved to be as satisfactory 
as their authors claimed, especially for purifying 
planktonic cyanobacteria. Several of the selective methods 
were tried before efforts were concentrated on improving a 


method of physical separation. 
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4.3.1 60-Cobalt Gamma Radiation 

Actively growing cultures of An. flos-aquae NRC 44-1, 
Aph. fios-aquae A81-31(C5) and P. catenata A81-15(Bi) were 
used to test Kraus's purification method in two sets of 
experiments. Cultures were treated in ASM-2 or P-2 medium in 
Screw-capped tubes to a dosage range of 100 to 400krad in 
10krad intervals, with and without a 24-h dark 
post-irradiation treatment. The treated cultures were 
incubated in both ASM-2 or P-2 media and agar pour-plates 
and, as streaks, on Difco Plate-Count Agar. The cultures 
were examined on a weekly basis, with observations lasting 
from 4 to 6 weeks. 

The results indicated that gamma rays could not be used 
as a selective antibacterial agent. At all dosage levels 
tested,including the lowest, the cyanobacteria proved to be 
more susceptible to radiation damage than the bacteria. The 
three test species of cyanobacteria showed stasis or lysis 
whilst the contaminating bacteria survived and grew (Table 


4). 
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Table 4. Attempts to purify cultures or reduce their bacterial 
populations by the 60Co gamma radiation method of Kraus. 


l No. Dosage, Dark Growth at Lowest Dass 
Cultures Expts. krad Lon pH cyano. bact. 
An. NRC 44-1 2 250-400 no Si. 2 0° Saco. ot 
An. NRC 44-1 2 250-400 yes Be? 0 3+ to 5+ 
Aph.» A81~31, (C5). 2 200-400 no 6.8 0 1+ 
Wann el=31 "(C5) 2 200-400 no oe 0 o 
Pseu. A81-15 (Bl) 2 100-200 no B.D 0 Sar 
Fréeu, A8l-15 (Bl) 2 100-200 yes 8.5 @) Shir 


Eoeday: bacteria 5+, except Aphanizomenon 2-day, bacteria 3+. 


os both ASM-2 or P-2 liquid media and agar pour plates and on 
Difco Plate Count agar; observed weekly for 4-6 weeks. 
5ta= ca. 25 x 10’ bacteria per, ml. 


36 = statis and/or lysis in days or weeks. 
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4.3.2 Parker's Sulphide Method 

Parker's sulphide method was tried on three test 
species Aph. flos-aquae A81-31(C5), An. sub-cylindrica A78-1 
and P. catenata A81-15(B1)-g. The complex gradients of pH 
and of sulphide and sulphite concentrations caused a 
gradation in numbers and colony size of the bacteria from 
the centre to the edge of the pour-plate but failed to 
eliminate them completely from the centre. P. catenata and 
Anabaena showed gradations in growth response but they were 
far more susceptible to damage by the higher concentrations 
than the bacteria. Aphanizomenon was the most susceptible to 
the gradations in pH, sulphide and sulphite concentrations. 


It lysed over the entire plate (Gorham et a].1982) (Fig. 1). 
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Figure 1. 


Trials of Parker's sulphide selection method for purifying a strain 
of Anabaena sub-cylindrica A78-1, a''take-over"culture of Pseudana- 
baena catenata Lauterb A81-15(Bl)-g and a colony isolate of Aphani- 
zomenon flos-aquae A81-31(C5). 


The sulphide and pH gradients decreased from the zone labelled Na,S 
to the zone labelled 4. Growth of bacteria and cyanobacteria is 
designated by O = none, st = stasis, tr = trace, 1+ to 3+ = some to 
many bacteria. 


Parker’s Sulfide Method 


Noss eters. 4 


Bacteria tr 1+ 2+ 3+ 34 
An.s. A78-1 

or O st tr 2+ 3+ 
Pseu. A81-15 


Aph. A81-31 0 0 00 0 


54 


pert i’ a 4 i - 
turn oT ae atyaie 
haw late - an I 


owt : 
7 


- Ph 

Pete 2 ave sy nt 
on ree - 

‘oe oo of! a5 


ee 


DD 


4.3.3 Antibiotics and Antiseptics 

The antibiotic enrichment method used by Vaara and 
Vaara (1979) for the purification of their strains of 
Pseudanabaena was tried with strain P. catenata 
A81-15(B1)-g. The culture was dark-starved in P-2 medium for 
48 to 96h after which the antibiotics ampicillin or 
D-cycloserine were added at concentrations of 1.0, 1.5 or 
2.0mg/ml. The cultures were returned to the dark for a 
further 24 to 96h. The antibiotics were then removed by the 
gGravity-washing procedure described in the Materials and 
Methods Section. 

Filaments were still present after a 24-h incubation 
with 1.0 mg/ml D-cycloserine but had disappeared in the 1.5 
mg/ml, 2.0 mg/ml tubes and in all the ampicillin-enriched 
tubes. Both antibiotics caused P. catenata to lyse 
completely when incubated in the dark for 48 or 96h. Upon 
washing, to remove all traces of the D-cycloserine from the 
1.0 mg/ml, 24-h dark treatment, the remaining filaments of 
P, catenata disappeared. Filaments could not be found on the 
filter membrane or in the solution above indicating lysis 
had occurred during the washing procedure. Cycloserine was 
found to reduce the bacterial population to a far greater 
extent than ampicillin, but at the concentrations tested 
neither exhibited adequate selectivity for the heterotrophic 
bacteria in preference to the obligate photoautotrophic 


cyanobacteria. 
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The phenol enrichment method of Carmichael and Gorham 
(1974) was also tried with strain P. catenata A81-15(B1)-g. 
It was dark-starved in P-2 medium for 24 to 96h, after which 
time phenol was added at concentrations of 0.1, 0.2 or 0.3% 
w/v. The cultures were then returned to the dark for an 
additional 3 to 6 hours. Samples were removed at 30-min 
intervals, gravity- instead of suction-washed and 
pour-plated in P-2 washed agar. The plates were sealed with 
Parafilm and incubated for one month. 

The results were totally unsatisfactory. The lowest 
concentration of 0.1% phenol caused complete lysis of the P. 
catenata cells within 30min of application. The use of this 
method with other planktonic strains of cyanobacteria has 
shown that it 1S not always reliable (Gorham, personal 


communication). 


4.3.4 High-Molecular-Weight Colloids as Membrane Protectants 

Attempts were made to improve the recovery of viable 
filaments from the washing procedure described by Gorham et 
al.(1982), by adding various concentrations of different 
kinds of inert, high-molecular-weight colloids to the P-1 
washing medium. An initial screening of PVP, dextran, 
Ficoll, gelatin and inulin, was performed with P. catenata 
Rede ot Bade 

Aliquots of 0.5ml (150 to 175 filaments) were 
gravity-filtered with 5x10ml of each concentration of each 


kind and type of colloid. The efficiency of the washing 
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procedure and the protective properties of the colloidal 
suspensions were assessed by: 
(1) counting the number of filaments present in 0.5ml of 
the initial inoculum; 

(2) recording the number of filaments present directly 

after pour-plating; 

(3) scoring the number of filaments and the number of 

bacteria exhibiting growth in the following week. 

The results of the screening process (Table 5) 
indicated that seven of the colloid treatments promoted 
favourable filament recovery (20% recovery or greater). 
These treatments were examined more intensively by 
increaSing the number of washes from 5 to 10. Under these 
conditions only two colloid treatments promoted substantial 
filament recovery. These were dextran 81,600 at 1%, and 
Ficoll 400DL at 5%. 

Some problems were encountered with the various colloid 
series. In particular, the very high viscosities associated 
with solutions of gelatin made filtration impossible at 
concentrations greater than 1%. Similarly, the 
highest-molecular-weight members of both the PVP and dextran 
series could be filtered only through a 5um porosity filter 


over a time period of 90 minutes. 
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Table 5. The use of inert, high-molecular-weight colloids as a washing 
media for Pseudanabaena catenata Lauterb. A81-15(Bl)-g. 


Colloid M.w. xX 10° 2125 0.5 1 2 3 4 5 
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(a) Filaments of P. catenata were washed in 5 x 10 ml of each particu- 
lar molecular weight and concentration in P-1l medium. 


*Recovery rates are based upon the number of filaments of P. catenata 
showing signs of growth (with no evidence of clipping) after 24 hours 
in P-2 washed agar pour-plates. 
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Dextran 81,600 at 1% in P-1 medium was finally selected 
as the optimal washing solution. Growth was evident in each 
filament that emerged from the washing process within 24h. 
Viable filaments of P.catenata could be recovered even after 
15x10ml washes. Ficoll 400DL at 5% was effective in 
protecting 30% of the filaments. The remaining filaments 
showed signs of clipping, and in some cases, lysis, within 
24h of plating. A closer examination of dextran 81,600 
revealed that filament recovery and viability could only be 
gQuaranteed between closely delineated concentrations. 
Recovery peaked between 0.8 and 1.2% and dropped rapidly 
below 0.5% and above 1.5%. 

It waS initially hypothesized that recovery rates with 
the various colloids might be associated with increased 
osmotic stresses resulting in membrane damage. However, a 
closer examination of the osmolarities of the individual 
colloidal suspensions indicated that the osmotic stresses 
placed upon individual cells would be almost negligible at 
the concentrations being used. Further, when colloids whose 
initial osmolarities differed from that of dextran 81,600 at 
1% were adjusted to a corresponding value no increased 


viability was observed in the filaments of P. catenata. 


4.4 Mode of action of dextran 81,600 
A series of Scanning Electron Micrographs (SEM) were 
taken of P. catenata A81-15(B1)-g fixed by 


freeze-Substitution after washing in either purified 
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distilled water, P-1 medium or dextran. Specimens were fixed 
at time zero, 30m and 3h after washing. 

The micrographs of P. catenata washed in water (Plates 
10,11) indicate what appears to be a deposition of some 
salts or other substances on or a peeling of patches of the 
outermost wall layer. Plates 12 and 13 illustrate filaments 
of P. catenata after a wash in P-1 growth medium. No 
discernible differences were visible in the cellular 
morphology over the entire time course. The process of 
freeze-substitution caused the filaments to collapse 
somewhat but there was no evidence of the loss of an outer 
wall layer or deposition of substance as seen with the wash 
in distilled water. 

Plates 14 to 17 illustrate filaments of P. catenata 
washed in a 1% solution of dextran 81,600. The filaments 
showed no signs of clipping or loss of an extra-membranous 
covering. Rather, the micrographs provided evidence of what 
can only be a dextran deposition upon each cell. The 
thickness of this coat increased as the time course ran to 
its limit. After 3h, the filaments were so completely 
covered with dextran that it obscured the outlines of the 
celis. 

Although the filaments of P. catenata would not have 
remained for 3h in dextran during the actual washing process 
the deposition of a light coating can be detected at time 
zero. The indications from the electron micrographs are, 


therefore, that dextran becomes attached to the walls of the 
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Plate 10 

Pseudanabaena catenata (Lauterb) A81-15(Bl)-g 
Glutaraldehyde - OsO, fixation 

S.E.M. 9300 x Time 0 


Trichomes were washed in 5 ml of sterilized purified water. Note the 
deposition on/or the peeling of patches of the outer envelope of the cells. 


Plate 11 

Pseudanabaena catenata Lauterb. A81-15(B1)-g 
Glutaraldehyde - sO, fixation | 

S.E.M. 22,000 x Time 0 


Trichomes were washed in 5 ml of sterile purified water. Arrow = area of 
deposition on/or the peeling of patches of the outer envelope of the cells. 
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Plate 12 

Pseudanabaena catenata Lauterb. A8I1-15(bl)-g 

Freeze - substitution fixation 

S.6.M.: 155600 208 Limes 

Trichomes were washed in 5 x 10 ml of sterile P-1 medium. There is no 


deposition on/or peeling of patches of the outer envelope of the cells 
that show regions of collapse due to freeze-drying. 


Elate 13 

Pseudanabaena catenata Lauterb. A81-15(Bl)=¢ 

Freeze - substitution fixation 

S.E.M. 15,400 x Time 3 hours 

Trichomes were washed in 5 x 10 ml of sterile P-l medium (and allowed to 


sit in P-l for 3h). Freeze-substitution has caused the cells to collapse, 
but no evidence of rupturing is visible. 
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Plate 14 

Pseudanabaena catenata Lauterb. A8I1-15(Bl)-g 

Freeze - substitution fixation 

So. Weller CUO x ef tine 

Trichomes were washed in 5 x 10 ml. of 1% dextran (81,600). Some trichomes 


are slightly obscured and lying across an 8Um _ pore, the bottom portion 
of which is covered with a layer of a substance, presumably dextran. 
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Plate 15 

Pseudanabaena catenata Lauterb. A81-15(Bl)-g 

Freeze - substitution fixation 

S.E.M. 11,400 x Time 30 minutes 

The trichomes were washed in 5 x 10 ml of 1% dextran (81,600) and then 
allowed to sit in the medium for 30 minutes. The trichomes are coated 


with, and show strands of dextran attaching them to the filter. Drying 
has caused gaps to appear between some of the cells. 


Plate 16 

Pseudanabaena catenata Lauterb. A81-15(Bl)-g 

Freeze - substitution fixation 

S.E.M. 15,000 x Time 30 minutes 

The trichomes were washed in 5.x 10 ml of 1% dextran (81,600) @and allowed 
to sit in the medium for 30 minutes. The trichomes are obviously coated 


by a layer of dextran which has dried and torn causing gaps between the 
cells during the process of freeze substitution. 
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Plate 17 

Pseudanabaena catenata Lauterb. A81-15(Bl)-g 

Freeze - substitution fixation 

S.E.M. 4,700 x Time 3 hours 

The trichomes were washed in 5 x 10 ml 1% dextran (81,600) and allowed to 


sit in the medium for 3 hours. The individuality of the filaments is com- 
pletely obscured by the deposition of dextran. 
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4.5 Antibiotic and Antiseptic Agents with Dextran 

Since P. catenata is susceptible to washing damage, the 
failure of the antibiotic and antiseptic enrichment methods 
may have been caused, in part, by the need for a protective 
colloid during the dark-treatment and/or washing steps 
involved. 

The effects of adding 1% dextran 81,600 during a 48-h 
dark incubation period with 1.0 or 2.0mg/ml D-cycloserine, 
OY withw0nd ephenoleiw/v)) for a) 3. and? 5h, were, studiedawith 
Precatenatavsé sia 1508s )egtusingtas 0. 5ml/A0mindi lutea ongains ed 
medium of log-phase culture. Filaments were examined 
microscopically for clipping and lysis after the dark 
treatments, then given 5x1i0ml washes in 1% dextran 81,600 
and pour-plated in P-2 washed agar. The plates were examined 
microscopically immediately after pouring and daily 
thereafter for 7 days. 

The presence of dextran 81,600 in cultures of P. 
catenata during dark treatment with D-cycloserine or phenol 
Or in the washing step that followed provided no improvement 
in survival compared with controls in which they were 


absent. 


4.6 Recovery of axenic strains of P. catenata 

To better estimate the efficiency of the washing 
process an overlay-plating method was adopted. Instead of 
the final 0.5ml of washed filaments being diluted to 10ml, 


combined with 10ml P-2 washed agar medium (P-2A) and poured, 
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it was added to 1iml of P-2A (pH-adjusted) and poured as an 
overlay on P-2A. In the overlay gel, individual bacteria and 
cyanobacterial, filaments were spatially separated and fixed 
in a thin plane that corresponded with the depth of field of 
the inverted microscope used to examine them at a 
magnification of 200x. Viable counts could thus be obtained 
more rapidly and reproducibly than before. Overlay plates of 
P. catenata A81-15(B1)-g given a single wash with dextran 
SG O0 were: madecwiitingr=2m atiipHieu sli e)). SNCS SOEs Sita nai co). 0 
and incubated in constant light at 21, 28 and 35°C for seven 
days. Microscopic inspection (x200) showed that at 35°C both 
the bacteria and cyanobacteria were absent at all five pH 
values. At 28°C, bacterial contaminants were found in 
greatest numbers at pH 7.5 and 8.0 whilst P. catenata was 
clipped and in stasis at all pH's. At 21°C good growth of 
bacteria and P. catenata occurred at pH 7.5, 8.0 and 8.5. 
There were distinct changes in the growth habitat and colony 
appearance of the bacteria from those incubated at 28°C. 
Comparison of 10x10ml and 15x10ml washings with dextran 
81,600 provided very little difference in terms of the total 
numbers of bacteria still remaining. P. catenata 
A81-15(B1)-g however, showed a marked decline in the 
percentage of viable filaments that could be recovered as 
the number of washes increased from 10 to 15. The 
large-scale reduction in the bacterial population achieved 
by 10 washes resulted in P. catenata at 21°C growing well at 
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avtpHe’ ¢SAratherathan*pHes.5 wheregirtwhadsoccunred prion! to 
washing. Under these conditions, using overlay plates on 
P-2A, the number of clearly discernible bacterial colonies 
ranged between 8 and 12 per 90O-mm plate after 7 days' 
incubation. 

By combining (1)the optimum washing procedure, 
(2)spatial separation by overlay plating, (3)single filament 
re-isolation, (4)bacteriological testing with different 
media, pH;s and incubation temperatures and repeating each 
step (Fig. 2), functionally axenic strains of P. catenata 
were produced. 

After washing with dextran 81,600 and overlay plating 
on P-2A, 27 colonies (from single filaments), which appeared 
by microscopic examination at 200x to be adequately 
separated from any bacterial colony, were removed with a 
Minuten insect pin and cultured in P-3 medium at 21°C for 
2wk (Fig 2). An aliquot (0.2ml) of each isolate was 
distributed upon the surface of Plate Count Agar (PCA) and 
P-2A and incubated under constant light at 21 and 28°C for 
2wk. Isolates on P-2A that showed no obvious contaminants on 
both test media were cored and the isolates re-grown in P-1 
medium. 

Of the 27 isolates, 10, which appeared to be free of 
obvious contaminants, were tested at two temperatures on 
three bacteriological media prepared with washed agar to 
check again for contaminants. A sample (0.2ml) of each 


culture was spread over the surface of plates of washed 
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Nutrient Agar (NA), P-3 soil extract washed agar (P-3ASE), 
and Trypticase Soy Broth washed agar (TSBA)and incubated at 
20 -and 28°C for 2wk, 

Of the 10 isolates that appeared to be bacteria-free, 
four showed no obvious contaminants on any of the three test 
media. Six, however, showed contamination on P-3ASE. The 
four apparently uncontaminated strains 
VRO1—15(B1)=G=14,-195-22) 5 and225) showed no contaminants 
when re-tested on P-3ASE at 21°C for 4wk. 

Strain A81=15'(B1)-q=22 (now 6wk old) was drluted and 
overlay-plated in P-3A. After 10 days, 20 cores were taken 
and placed in P-3 medium and grown at 21°C under constant 
light. Eleven of these isolates showed signs of growth iwk 
later and were tested on plates of NA, P-3ASE and TSBA that 
were incubated at 21 and 28°C for 4wk. 

Of “these reisotaredsstrains) Obe-d-22-,) Nine=\-0d-=22-), 
Cet), hewn ean -S)  ShnOoweCenOuObVv LOuSsmoaGLe mia 
contamination by microscopic inspection at 200x one month 


later and were considered to be functionally axenic. 
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Diagram of the steps involved in the improved washing method 
for obtaining functionally axenic strains of P. catenata A81l- 
15(Bl)-g. PCA = Plate Count Agar; NA = Nutrient Agar, P-3ASE 
P-3 Washed Agar and Soil Extract. TSBA= Trypticase Soya Broth 
P-2A = P-2 washed agar. * = apparently uncontaminated. 


Figure 2. 
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5. Discussion 

The search for a type-c toxic strain of Aphanizomenon 
f los-aquae from Lac La Nonne, Alberta, proved to be 
unsuccessful. The search, however, has led to several new 
findings about growth requirements and membrane integrity of 
Pseudanabaena catenata and other cyanobacteria and better 
ways to obtain and test for purity of functionally axenic 
clones. 

Although only a minor constituent of the blooms that 
were dominated by Aph. flos-aquae, strains of P. catenata 
were very aggresSSive in culture, "taking-over" 67 of 73 
isolates ina relatively short period of time. Since the 
occurrence of the "take-overs", Aphanizomenon colonies or 
filaments have not re-emerged in culture, indicating that P. 
catenata behaved very much like the types of bacteria that 
cause lysis and exclusion of planktonic cyanobacteria in 
both liquid and agar media. 

Mason et a]. (1982), have recently described 
cyanobacterin, from the cyanobacterium Scytonema hofmanni, 
which acts as an anticyanobacterial agent against a range of 
alternate species. The discovery of such an agent suggests 
the possibility that similar compound(s) may have 
contributed to the "take-over" of cultures by P. catenata. 

Two "take-over" cultures were found to exhibit 
convulsant activity. However, these were lost, perhaps by 
successional changes, whilst unsuccessful attempts were 


being made to isolate a toxic strain(s). 
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In lacustrine conditions, the appearance and 
disappearance of toxic blooms on a day-to-day basis is well 
documented (Carmichael and Gorham 1981). Bloom toxicity is 
correlated with localized or generalized dominance of one or 
more toxic strains. The decline or loss of toxicity is 
linked to dispersion and mixing. It may also involve 
abolition or suppression of the correct genetic coding 
required to maintain a state of toxicity (Hauman 1981, 
Hauman et @/].1982). 

The possibility that convulsant activity was caused by 
a bacterial endotoxin was investigated. Freeze-dried 
extracts of the five major Gram-negative contaminants from 
the two toxic "take-over" cultures were intraperitoneally 
injected into mice. They exhibited signs of slow death 
characteristic of bacterial endotoxic poisoning. Since it is 
unlikely that the dominant bacterial species in this 
"take-over" culture differed to any great extent from those 
in the remaining 72 "take-over" cultures isolated from the 
same lake, it 1S considered likely that the convulsent toxin 
was cyanobacterial in origin. 

Recent work by Sykora and Keleti (1981) has provided 
evidence supporting the presence of cyanobacterial 
endotoxins in drinking water. These endotoxins express 
marked similarities to those found in Gram-negative 
bacteria. Therefore, any of the effects witnessed on 
administering a mixed bacterial/cyanobacterial culture to 


mice could also be attributed to cyanobacterial endotoxic 
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rather than exotoxic activity. 

Attempts to isolate a functionally axenic clone of P. 
catenata A81-15(B1) using published methods failed 
repeatedly. Kraus's Gamma radiation method proved to be more 
lytic to the cyanobacteria than to the bacteria at all 
dosages tested. Carmichael and Gorham's phenol method proved 
to be unsatisfactory with P. catenata and other strains of 
planktonic cyanobacteria. It is now thought possible that 
some of the problems encountered with this method in the 
past may have been caused by damage during suction-washing 
to remove the phenol. 

The antibiotic enrichment method of Vaara and Vaara 
(1979) and Rippka (1979) proved to be unsuccessful with and 
without the presence of dextran 81,600. Both ampicillin and 
D-cycloserine affect the deposition of peptidoglycan in the 
walls of bacteria and cyanobacteria. The marked similarities 
between Gram-negative bacterial and cyanobacterial cell 
walls can be related to the autolysis suffered by P. 
catenata when these antibiotics were added. Parker's 
Sulphide selection method, although unsuccessful at 
producing an axenic filament, did inhibit bacterial growth 
at the higher concentration and pH values. However, the 
method was a failure as far as purification was concerned. 
It induced stasis in the bacteria rather than their 
elimination. Viable colonies of P. catenata that appeared 
bacteria-free all showed contaminants after they were cored 


and cultured in liquid medium. 
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Since antibacterial agents used alone or used along 
with physical manipulation caused P. catenata to lyse, a 
new, gentle washing process was devised to reduce the 
numbers of bacteria and minimize the likelihood of putting 
the remainder into stasis. After a few washes however, the 
filaments disappeared completely, lysed, or were in stasis 
within a few hours of plating. The washing process, although 
Successful in reducing the numbers of contaminating 
bacteria, weakened the walls of the cyanobacteria to Such an 
extent that autolysis occurred. 

A dextran (MW 81,600) at a concentration of 1% proved 
to be the most effective membrane protectant for 
P. catenata. The screening experiments provided evidence of 
very clear "cut-off" points with respect to the range of 
concentrations of dextran that proved beneficial to viable 
filament recovery. The optimum range was 0.75 to 1.5%. Above 
or below these limits the percentage recovery of viable 
filaments dropped markedly. Within such narrow limits, the 
protection afforded by this molecular weight and 
concentration range could not be simply attributed to a 
viscosity effect (i.e. providing sufficient support to 
reduce flexing or other mechanical damage). If this were the 
case an increase in concentration would provide a 
corresponding increase in the viscosity thereby increasing 
viability. Further, the increase in viscosity caused by 
above-optimum concentrations served to retain a greater 


number of bacteria that were not washed out. 
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Osmotic differences were examined as the possible cause 
of the discrepancies recorded in the recovery rates between 
the various colloids and concentrations thereof. Regulating 
the osmolarity of each solution to the same value as that of 
the dextran 81,600, at 1%, did not increase the number of 
viable filaments remaining after the washing process, 
indicating that cyanobacterial lysis could not be attributed 
to osmotic stress. 

A more plausible explanation for the optimum 
concentration range for dextran of appropriate molecular 
weight would seem to be its affinity for cell walls. At 
above-optimal concentrations, filaments become so heavily 
coated that they sediment upon the surface of the filter 
membrane, thereby effectively eliminating them from the 
recovery procedure. 

The series of scanning electron micrographs showed an 
increasing deposition of dextran upon the filaments of P. 
catenata over the course of three hours. Although the 
experimental conditions used to obtain the micrographs are 
not strictly representative of actual washing conditions, 
(since the filaments do not sit in dextran for three hours), 
they do illustrate the fact that a coating of dextran is 
laid down upon the cell envelope of P. catenata during the 
washing process. Whether the encapsulating material is 
covalently bonded, attached by weak hydrogen bonds, or 
Simply rests upon the surface of the cyanobacteria is 


unknown. However, the structure of a dextran molecule (Fig. 
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3) includes a number of hydroxyl groups that are free and 
available to bond. There is a possibility that these charged 
areas react with an oppositely charged portion of the 
cyanobacterial cell envelope to produce a bonded dextran 


layer. 


brie. 12 ee sii 2 ios 


Sonik apaieaee ese a P 


~\ 


ais to maddsog beg ; A: 
| aqoies C 
aie: 
hed ie 


7) 
ae 


iez3xeb hsbaod « osibeen 2 


oy 


= 


th: 


> 


— 


. 


year? . oe el. _ 

” "ht - : 
aesiah> t© spa pete 
Sa? uieds. coe 41)... 54 


ef Bechesvecauls (e-lie Sc Wem 


a Oye ineasm 90720n0n 
7 J bone tyqoonl 


petnto« dcnatd ood Sees 


in 
oe : 
= ~ 
} 
; 
' 
vue 
Oe 
Fis | : 
‘ 
. 
9) 
: 
’ 
i 
+ 
. 
4. — 
i 
\ 
’ 


Figure 3. Partial structure of dextran from Leuconostoc mesenteroides 
strain B512. It has about 95% a(1-6) glucopyranose linkages 
with 5% a(1-3) glucopyranose linkages at the branch points. 
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The fine structure of the cell wall of cyanobacteria is 
of Gram-negative type (Frank et a/].1962, Lamont 1969, Butler 
and Allsopp, 1972) (Fig 4). The innermost layer of the cell 
wall, the peptidoglycan layer, overlays the cytoplasmic 
membrane. The outer membrane of the cell wall appears as a 
double track structure 7-10nm in diameter. In ultrathin 
sections it appears to be separated from the peptidoglycan 
layer by an electron transparent space (Butler and Allsopp, 
1972). However, this space is now thought to be an artifact 
of the preparation as the outer membrane and the 
peptidoglycan layer are tightly connected in freeze-fracture 
preparations. A layer of similar location and appearance is 
found in Gram-negative bacteria and consists of 
lipopolysaccharide (Osborne 1963). It has been found that 
2-3% of the dry weight of Anacystis nidulans is 
wall-associated lipopolysaccharide of which about 60% is 
carbohydrate, principally mannose, but with glucosamine, 
2-amino-2-deoxyheptose, and other sugars also present (Weise 
et a].1970). This arrangement of cell wall layers (Fig 4) 
promotes the possibilities of both hydrogen and covalent 


bonds associating with the deposition of dextran. 


au 


Cl saemal , 


ca We | 
4 - 
; ie a 
~# « “ , — 
~~ ° 
*~ { 
_ = - 
oe diet «ee 
4 4 \ 
Als 4 » 
’ 
af 2 f 
— 2 
i —/ @ 
~. 64 
| - 
2k 2Shs 


i? a a te 
iies @@2 ites ai diniay 


, —s a 
J 4 fino 
= —_ 


“eo vy 2” 


rm Pa /- a 
met T > >"! 

‘ a 

et ac oF “eyes rice 

: ey v1 

_ ban : a —- 

isisqednts ooptels’ see 

ie fel = 7 


ea ¢ 


Se TOs tio eit B85 AGI 
5% isVsE 
ae - 
s 27s 
y x 
snes Bas «6! Vi lspon=dase Te 
: mf il a 7 
‘le 
| si oseay home 
Bh. 
ubir 2VI5 io tiosow YI. see ee 
24i:f B6s3etsa 
Yr,t¢c. ,sze7 
i 
r ri’ 4osbe§s 
’ an ‘T Ad 
2972 314 2018809 ati 
. si4 4 oni tseiseeee 
r) 
a 


é 


as | r 
- 7 ee 
ne, c me is in | 


Chea o® ght ; Aa] : 7 7 . 


wey Hl | | 
Jormsonstrayasmeceesennenuirncoutcmerwrn es * Ms vy 4 " i 


ays Cs es<¢e é eal 
‘< ay veewe SOT RO 


Figure 4. Schematic representation of the cyanobacterial cell envelope. 


E, cell envelope; CM, Cytoplasmic membrane; CW, cell wall (PL, peptido- 
glycan layer + OM, outer membrane); S, external layer (slime or sheath). 
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Rampling (1975), using fluoresceinylthiocarbamoyl 
dextran (FITC-dextran) with a molecular weight of 40,100, 
found that it formed a loose adherent coat on erythrocyte 
membranes causing a decrease in the membrane flexibility. 
More recently, Ogiso et a/].1977 found dextrans to produce a 
protecting effect against drug-induced haemolysis in vitro. 
The dextrans were found to strongly inhibit the diffusion of 
haemoglobin and K+. They concluded that the protecting 
effect of dextran was due to the inhibition of diffusion of 
haemoglobin and K+ thereby stabilizing the cellular membrane 
and reducing permeability. 

The coating on the outer wall layers of the 
cyanobacteria may therefore act both as a physical shield, 
protecting against damage incurred during the washing 
process, and/or as a chemical protectant preventing 
increased cellular permeability by decreasing K+ efflux. 

Dextran will allow filaments to pass safely through a 
10x10ml washing, a theoretical dilution of 4.1x10'*°, which 
Should eliminate all but the occasional bacterial cell. In 
reality, although the bacterial numbers are greatly reduced, 
they are not completely eliminated from the final washed 
Suspension. Cyanobacteria that in various test media appear 
axenic may, in fact, be contaminated. Gorham et a/].(1982) 
have noted that sooner or later bacteria have reappeared in 
what appeared to be axenic strains once they were retained 
in the culture collection and subcultured infrequently. A 


plausible explanation for this reappearance seems to be that 
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the cultures contain a small number of bacteria which are in 
stasis. Over a prolonged period of time, as the culture ages 
and becomes stale, these bacteria resume growth and 
reappear, as noted by Stanier et a/].(1971). 

After washing, the problem is primarily one of 
preventing or overcoming bacterial stasis at the time of 
coring or transfer of cyanobacterial colonies, thereby 
providing a truer picture of the numbers and locations of 
the contaminants. To this end, a new medium, P-3 washed 
agar, was devised to improve the growth conditions for a 
wider range of bacteria (Table 1). By varying the range of 
pH and temperatures at which test plates were incubated, 
conditions that caused some of the bacteria to remain in 
stasis were overcome. 

In those plates where the viable bacterial count was 
virtually reduced to zero, P. catenata, which previously 
grew only under narrowly defined alkaline conditions (pH 
8.5), grew well within the pH range of 7 to 9. Obviously, 
factors that restricted the pH-tolerance of P. catenata were 
present in the bacterized condition which were eliminated by 
the removal of the contaminants. 

Use of the improved purification method developed for 
P,. catenata with other planktonic cyanobacteria, such as 
Aph. flos-aquae and An. sub-cylindrica, proved to be 
effective in producing functionally axenic strains of these 
species aS well. However, it should be noted that a single 


purification method is not likely to work for all species of 
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cyanobacteria, as environmental and organismic interactions 
are too diverse. Rather, each new species is likely to 
require a particular combination of specific washing 
conditions, culture media, spatial separation techniques, 
bacteriological test media and incubation conditions to 


enable a functionally axenic state to be achieved. 
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Problems Encountered in Searching for New Strains 
of Toxic Planktonic Cyanobacteria 


Paul R. Gorham, Sean McNicholas and E. A. Dale Allen 


Department of Botany, University of Alberta, Edmonton, Alberta, T6G 2E9, Canada. 


In 1979 and 1980, four blooms from Lac La Nonne (80 
km NW of Edmonton, Alberta) dominated 67% to 95% by 
Aphanizomenon flos-aquae L., were found to be type-c- 
toxic to mice and agglutinated red blood cells. A search for 
type-c-toxic strains of Aphanizomenon in this lake was 
undertaken in 1980 and 1981 by making 128 colony isolates 
and testing the unialgal cultures obtained from five blooms 
which varied in composition from 10% to 95% 
Aphanizomenon. The following problems were en- 
countered in this search and in attempts to obtain axenic 
clones of different species: 1) a high percentage of isolation 
failures caused by the gradual but complete take-over of 
most of the Aphanizomenon cultures by a purple-brown 
species of Pseudanabaena, 2) stasis or lysis caused by pH 
and/or composition of the medium or the agar, 3) stasis or 
lysis caused by bacteria in liquid microculture, on agar 
streaks or in agar pour-plates, 4) autolysis triggered by ten- 
sile stress during transfer of trichomes with loop or needle, 
5) inability of graded dosages of gamma rays or sodium 
sulphide selectively to eliminate or reduce numbers of 
bacteria to a satisfactory level for plating, 6) autolysis and 
growth inhibition caused by gentle washing to reduce 
numbers of bacteria for plating, and 7) discovery that 
haemagglutination is not perfectly correlated with type-c 
toxicity. The search produced no type-c toxic strains of 
Aphanizomenon but two heterogeneous take-over cultures 
of Pseudanabaena sp. were found that produced violent 
convulsions when injected intraperitoneally into mice. 


In 1979 en 1980 is vasgestel dat vier algopbloeiings in Lac 
La Nonne (80 km NW van Edmonton, Alberta), wat van 
67% tot 95 % deur Aphanizomenon flos-aquae L. oorheers 
is, tipe-c-toksies vir muise en geagglutineerde 
rooibloedselle was. In 1980 en 1981 het ’nsoektog na tipe-c- 
toksiese lyne van Aphanizomenon in dié meer gelei tot die 
bereiding van 128 geisoleerde kolonies en die toets van 
enkelalgkulture van vyf opbloeiings wat van 10% tot 95% 
Aphanizomenon bevat het. Tydens die soektog en pogings 
om axeniese klone van die verskillende spesies te bekom, is 
die volgende probleme ervaar: 1) ’n hoé persentasie misluk- 
kings met isoleringspogings vanweé die geleidelike maar 
volslae oorname van die meeste Aphanizomenon-kulture 
deur persbruin spesies van Pseudganabaena; 2) stase of lise 
veroorsaak deur die pH en/of die medium of die agar se 
samestelling; 3) stase of lise deur bakterieé veroorsaak by 
vloeistofmikrokultuur, op agarstrepe of by agargietplaat- 
jies; 4) outolise wat deur trekspanning tydens die oordra 
van trigome met ’n lus of naald aan die gang gesit is; 5) die 
onvermoé yan gegradeerde dosisse gammastrale of 
natriumsulfied om bakterieé selektief uit te skakel of hul 
getalle tot ’n bevredigende peil vir plaatjiebereiding te ver- 
minder; 6) outolise en groeistremming veroorsaak deur ’n 
versigtige wasproses om bakteriegetalle vir plaatjie- 
bereiding te verminder; en 7) die ontdekking dat heemag- 


glutinering nie volkome met tipe-c-toksisiteit gekorreleer is 
nie. Geen tipe-c-toksiese Aphanizomenon-lyne is tydens 
die soektog gevind nie, maar twee heterogene oor- 
namekulture van Pseudganabaena sp. is gevind wat hewige 
stuiptrekkings by muise veroorsaak het toe dit intra- 
peritoneaal ingespuit is. 


Introduction 

Poisoning of livestock and wildlife by toxic blooms of freshwater 
cyanobacteria (cyanophytes, blue-green algae) occurs unpredic- 
tably in central and western Canada and the United States and in 
similar climatic regions of Africa, Asia, Australia, Europe and 
South America. They sometimes cause considerable economic loss 
and hence have attracted the interest and concern of veterinarians, 
wildlife and public health biologists, phycologists, limnologists and 
environmental toxicologists. 

Toxic strains of the three most common bloom-forming species, 
Anabaena flos-aquae (Lyngb.) de Bréb., Aphanizomenon /flos- 
aquae (L.) Ralfs. and Microcystis aeruginosa Kutz. emend Elenkin 
are responsible for most of the poisonings but other genera and 
species have been implicated as well.! Steyn?’? was among the early 
workers to report on poisonings of animals and man by algae 
(Microcystis toxica Stephens = Microcystis aeruginosa‘) in dams 
and pans of South Africa. Louw? was one of the first to isolate and 
attempt to identify a phycotoxin from a Microcystis-dominated 
bloom that developed in the Vaal Dam reservoir in 1942 — 43. He 
concluded that it was a hepatotoxic alkaloid. The most recent 
reviews on toxic freshwater cyanobacteria are by Moore,® Collins,’ 
Gorham and Carmichael,’ Carmichael and Gorham,’ and the pro- 
ceedings of an international conference on ‘The Water Environ- 
ment: Algal Toxins and Health’, held at Wright State University, 
Dayton, Ohio in 1980.!° 

The freshwater phycotoxins that have been identified to date in- 
clude two neurotoxic alkaloids, several hepatotoxic peptides or 
peptide mixtures, a pteridine, and a lipopolysaccharide.!!!* The 
first toxic peptide, microcystin,’ was isolated and partially 
characterized in 1959.14 It was obtained from mass cultures of a 
heterogeneous colony isolate, Microcystis aeruginosa NRC-1, and 
from one of two clones derived from it.!* Microcystin-like toxins 
have since been described from Microcystis-containing blooms in 
Australia,'® Canada,®!?18 and South Africa,!? from clones or 
strains of Microcystis aeruginosa from Alberta? !”!8 and South 
Africa?°?! and from a clone of Anabaena flos-aquae from 
Alberta.?* The toxins produced by the Microcystis and Anabaena 
clones from Alberta produce similar signs with mice, rats and 
chicks and have been called Microcystis type-c and anatoxin-c, 
respectively.®!”:22 In this paper, type-c toxicity or activity will be us- 
ed to designate toxins that, when injected intraperitoneally into 
mice, cause death with survival times and signs of liver damage that 
are microcystin-like.!3!723 Carmichael and Bent!’ have recently 
described a haemagglutination test that was almost perfectly cor- 
related with the presence of type-c toxins produced by clones or by 
the 1979 blooms from Alberta lakes that were examined, which 
were dominated either by Microcystis aeruginosa or by Anabaena 
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flos-aquae. They reported an interesting exception; three 
Aphanizomenon-dominated blooms from three stations in one 
lake, Lac La Nonne, that contained no Anabaena and little or no 
Microcystis, yet showed low haemagglutination and type-c ac- 
tivities (Table 1, this paper). 

In September 1980, we made one bloom collection from Lac La 
Nonne that was 95% Aphanizomenon and highly type-c active. We 
decided, therefore, to undertake a search for type-c strains of 
Aphanizomenon from this promising source, by making as many 
colony isolates as possible from blooms collected at intervals over a 
two-year period and testing them for haemagglutination and type-c 
activity. 

Difficulties have been encountered in stabilizing growth and tox- 
in production by bacterized clones of Anabaena**®> and other 
planktonic species of cyanobacteria (unpublished). It has been our 
experience that sooner or later bacteria have appeared in what 
seemed to be axenic clones obtained by the phenol method*® once 
they were retained in the culture collection and subcultured infre- 
quently. While accidental contamination is always a possibility, it 
does not seem to be the most plausible explanation for the delayed 
appearance of these bacteria. A more plausible explanation would 
seem to be that the cultures were initially ‘functionally’ axenic but 
harboured a few bacteria in stasis or stationary phase which, 
therefore, escaped detection. Some or all of these stationary phase 
bacteria, perhaps stuck to sheaths,?’ persisted and eventually 
adapted sufficiently to resume growth in the stale medium of old 
cultures, as reported by Stanier ef al.”* 

This paper describes problems of isolation, purification and tox- 
in testing that were encountered during a two-year search for new 
strains of toxic, planktonic cyanobacteria. 


Materiais and methods 

Purified water, prepared by passing distilled water through Barn- 
stead organic and cation removal cartridges, was used throughout. 

ASM-1, ASM-1-Tr and ASM-2 media” were used initially. P-1 
and P-2 media were developed and used later. P-1 medium was 
developed to obtain better growth of Aphanizomenon clones 
NRC-566 or NRC-568 and one of the Pseudanabaena sp. take-over 
cultures when using small inocula in 150-yl cultures or with agar. 
P-1 is a modification of ASM-1 medium. It differs in having the 
NaNO, concentration reduced to 1/4, the ZnCl, removed, and the 
Na,HPO, replaced with an equimolar amount of Na;PO,4.12H,O 
to provide better buffering at pH 8.5. P-2 medium consists of P-1 
medium plus the same mixture of vitamins and peptones that is used 
in ASM-2 medium.?¢ 

Gels of 1.5% Oxoid or 2.0% Difco Bacto or Bacto Purified agar 
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were washed and used as described by Allen and Gorham.?? More 
reliable growth of planktonic species occurs when gels are washed 
with 2 mM NaHCO; rather than with purified water as specified 
originally. This modification, which prevents the gels from becom- 
ing acidic during and after washing, was used throughout. Marine 
Colloids Sea Plaque low-gelling-temperature Agarose caused lysis 
or stasis of planktonic species when used directly or gelled and 
washed as described. 

Many isolates of small Aphanizomenon colonies and a few 
isolates of Pseudanabaena trichomes were made from diluted 
samples of freshly collected blooms from Lac La Nonne in1980 and 
1981. The bulk of each collection was freeze-dried and stored at 
— 10°C for later testing. The isolates were washed, one at atime, by 
serial transfer with a sterile Pasteur pipette through a series of five 
drops of sterile ASM-1-Tr medium deposited on a sterile 
microscope slide. The transfer operation was carried out in a 
laminar flow hood with the microscope slide on the stage of a Leitz 
inverted microscope, using magnifications of 30 x or 60 x . Wash- 
ed colonies or trichomes were cultured in specially washed, UV- 
sterilized COSTAR culture dishes having 96 wells. Each well that 
was used contained 150 wl of medium. The lids of these culture 
dishes (like those of Petri dishes) were sealed with Parafilm to con- 
trol desiccation. All incubations were at a constant 21°C in con- 
tinuous cool white fluorescent light. The photosynthetically active 
radiation (PAR), 400— 700 nm of this light, was 40 »E m-?S"}, as 
measured with a Lambda L1 185 quantum sensor and meter. 

Periodic microscopic inspections of cultures were made to select 
the ones that appeared to be unialgal. These were subcultured by 
loop to 1 ml or 10 ml of medium in screw-capped culture tubes. 
Unialgal cultures were further selected by microscopic examination 
and then grown in successively larger volumes, up to and including 
8 2in an aerated 9-? Pyrex bottle. 

One-litre cultures were freeze-dried directly, whereas 8-?cultures 
were centrifuged with a Sharples continuous-flow centrifuge and 
only the cells were freeze-dried. Alternatively, the cells were 
coagulated with 5 ml ¢! of 2% AICI,. After allowing the floc to set- 
tle by gravity, most of the supernatant was sucked off with an 
aspirator and the remainder, in.about 1 ¢, was freeze-dried. The 
freeze-dried powders were ground in a mortar, weighed, and stored 
in sealed containers at — 10°C until tested for toxicity and haemag- 
glutination. 

Toxicity was tested by intraperitoneal (i.p.) injection of 20-g 
ALAS strain mice, using two per dosage level. A modification of 
the Carmichael and Bent haemagglutination method’ was used. 
The method was modified by using 95% ethanol extraction of 
measured amounts of fresh, centrifuged or freeze-dried 


Table 1. Haemagglutination and toxicity tests of blooms collected from Lac La Nonne, 1979-81. 


Dates 
blooms 


Year collected Composition* 


An. : Aph. : Mic. : Other 


1979 Jul 31 (1) OFT 298 
(2) 0:81: 0:19 

(3) 0: 672M S 225 

1980 Sep 17 OGISEPLE 93 
1981 Jul 15 OE IS een Oke.5S 
Jul 27 0293352933)933" 

Aug 11 O20 a /2ie284 

Aug 27 0: 10: 60: 304 

Sep 27 OOF thn) 

Oct 16 (NENGYASY EHR ROE 


“Per cent colony units or equivalent of Anabaena flos-aquae: Aphanizomenon flos-aquae : Microcystis aeruginosa : Other spp. tr = trace (< 1%). 


Aggiutination? LD 409° Type 
> 10 2000 Cc 
> 10 2000 G 
> 10 2000 ec 

320 (és 
1500 G. 
<2 50) 
ales 200 G 
400 Cc 
> 1500 Cc 
1500 


*Dosage as mg dry weight sample extracted and dried extract dissolved per 1.0 ml 0.9% saline. 
“LD joo = i.p. mouse, 2 mice per dosage level tested. NT = non-toxic or slow deaths (1 —2 days) at => 1500 mg kg"! body wt. 


‘Mainly Coelosphaerium kutzingianum. 
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Table 2. Colony isolates of Aphanizomenon blooms collected from lac La Nonne, and take-overs by Pseudganabaena sp. 


Aphanizomenon 


Number of isolates 


Dates blooms after 
Year collected Initial 1 wk 
1980 Sep 17 24 6 
1981 Jul 27 36 14 
Aug 27 37 20 
Sep 27 45 13 
Sep 27 12 12 
Oct 6 24 24 
Totals? 178 89 


Pseudanabaena 
take-overs 


after after 
4 wk 4 wk 


Isolates not accounted for were discarded because of lysis, contaminating green algae or protozoa. 


cyanobacteria instead of 0.9% saline extraction. This was done to 
minimize possible salt interference. The ethanol extract was dried at 
room temperature with a jet of compressed air and the dried extract 
was taken up in a known volume of 0.9% saline. The saline extract 
was tested immediately, using diluted fresh or stored red blood cells 
from mice, as specified in the method. The range of the test was ex- 
tended from 10.0 to 13.3 mg dry weight of cells extracted per 1.0 ml 
of 0.9% saline by using 200 ul of extract per 100 wl of red cells for the 
highest dosage. 

An Atomic Energy of Canada Ltd Gammacell ®°Co source with 
an output of 73.2 krad h“! was used in the trials of Kraus’s purifica- 
tion method.*? 

The trial of Parker’s Na,S drop method?! for purification was 
made using ASM-1/Bacto Purified agar containing 2 mM Na,SO3. 
The trial of Vaara ef a/.’s antibiotic enrichment method*? for 
purification was done with P-2 medium rather than the TYG broth 
that they used. 


Results 

Table 1 shows the composition and toxicity of blooms collected 
from Lac La Nonne from 1979 to 1981. The 1979 data are from 
Carmichael and Bent? and show the correlation between 
Aphanizomenon dominance and low haemagglutination and type- 
¢ activities that first attracted our attention. We noted, in par- 
ticular, that in sample no. 2, Aphanizomenon was the only species 
of cyanobacteria present. In the 1980 sample, 95% dominance by 
Aphanizomenon was correlated with marked type-c activity. In 
1981, from July to October, dominance shifted from 
Aphanizomenon to Microcystis and back again, while type-c activi- 
ty shifted correspondingly from low to high and back to low again. 
The [1 August sample, which was dominated by Microcystis and 
had Coelosphaerium as the strong sub-dominant, proved to have 
very marked type-c and haemagglutination activities. Two other 
samples, of 27 July and 16 October, contained Aphanizomenon 
and were toxic but were not type-c. In these two samples, the pro- 
portion of type-c-producing strains of any species was below the 
threshold of detection. 

A total of 178 colony isolates of Aphanizomenon was made from 
the Lac La Nonne blooms during 1980 and 1981 (Table 2). With the 
earlier isolations, using 150-yl cultures, survival at one week was 
poor — only 25% to 30%. On 27 September 1981, some isolates 
were started in cultures of 10 and 100 ml. This diluted the bacteria 
and their products and improved survival at one week to 100%. 

After incubation for four weeks, 67 of the one-week survivors 
had been taken over by a morphologically similar species of 
cyanobacterium that gave the cultures a dark purplish-brown look. 
The take-over species produces long, delicate trichomes, 1.5 wm in 
diameter, without heterocysts or spores. Under the microscope the 
cells appear blue-green. They are sub-cylindric in shape, with a 


length of 3to5 pn. The species most closely resembles Pseudana- The use of the phenol purification method*® with different 


baena catenata Lauterb.*? We, therefore, decided to call it Pseud- 
anabaena sp. and to test the take-over cultures for haemagglutina- 
tion and type-c activities as well. Our strain of Pseudfanabaena sp. 
is non-gliding and non-phototactic and, therefore, differs from the 
11 strains of Pseudganabaena studied by Vaara et al. 

Only six unialgal isolates of Aphanizomenon were obtained from 
the Lac La Nonne blooms (Table 2). In both years, a few free 
Pseudanabaena trichomes were seen in some of the blooms. These 
were easily eliminated by washing. A few trichomes were seen stick- 
ing out of Aphanizomenon colonies, however. Obviously, many of 
the colonies that were isolated were inhabited by unseen trichomes 
of Pseudanabaena which were responsible for the take-overs. So 
far, no traces of Aphanizomenon have been found in the take-over 
cultures. The take-over cultures are potentially heterogeneous. 
There were indications of this provided by colour differences seen 
among mass cultures and their freeze-dried cells. 

Past experience with toxic strains of Microcystis and Anabaena 
has shown the desirability of obtaining at least functionally axenic 
clones. They are necessary to establish the source of a toxin. They 
also help to stabilize growth and toxicity” (unpublished results). 
While mass cultures were being grown for testing, attempts were 
made to purify one or two strains of Aphanizomenon, Pseudana- 
baena and other planktonic species. Clipping, lysis and stasis of 
Aphanizomenon and Pseudanabaena occurred with ASM-1 agar. 
This was largely but not entirely overcome by the development of 
P-1 agar. 

We have observed localized lysis and stasis of test species on agar 
caused by certain colony types of bacteria. We have observed lysis 
and stasis of test species in 150-yl liquid cultures as well. Some 
bacteria are benign and some can be beneficial. We have observed 
that the presence of certain bacterial colony types can promote 
noticeably better growth of a test species in one part of an agar plate 
than another, where few or none of such colony types were found. 

The rates of bacterial growth and diversity of bacterial colony 
types seen with agars inoculated with different test strains tend to 
vary with pH, medium and agar. Bacterial growth and diversity 
were generally better with P-2 agar than with ASM-2 agar, for ex- 
ample. This indicates that the composition of an agar medium 
critically determines the growth of a planktonic test species and of 
the growth rate and diversity of growth of the contaminating 
bacteria as well. 

Attempts with a loop or a needle to transfer trichomes of 
planktonic species that were growing well on agar failed repeatedly. 
Vaara et al.** have described the same problem. We have found that 
the trouble occurs during the manipulation. The tensile stresses of 
bending and stretching the trichome cause rapid or delayed 
autolysis. So far, the only successful way to transfer trichomes of 
planktonic species that we have found is with cores as used for pour- 
plates.”° 


360 


NaS 20" e4 


Bacteria tr 1+ 24+ 3434+ 
An.s. A78-1 

or O st tr 2+ 3+ 
Pseu. A81-15 
Aph. A81-31 OPO OOO) 


Fig. 1. Trials of Parker’s sulphide selection method for purifying a 
clone of Anabaena subcylindrica A78-1, a take-over culture of 
Pseudanabaena sp. A81-15 and a colony isolate of Aphani- 
zomenon flos-aquae A81-31. 


species and strains of planktonic cyanobacteria has shown that it is 
not reliable (unpublished work). Other methods for selectively 
eliminating or substantially reducing the populations of con- 
taminating bacteria have been tried with various test species, in- 
cluding Aphanizomenon and Pseudanabaena. Direct and indirect 
counts of typical bacterized cultures have shown there are of the 
order of 10’ times as many bacteria present as there are colonies or 
trichomes. For a bacterial reduction method to be of practical use, 
therefore, it should reliably retain all or most of the cyanobacteria 
in a viable condition but decrease the bacterial population by a fac- 
tor of 10° or more. 

Kraus’s gamma radiation method® was tried with three species 
(Table 3). In every case the test species lysed while bacteria survived, 
even though dosages well below the 300 krad threshold of viability 
for Microcystis were tried. With Anabaena, a 24-h dark period to 
permit DNA repair made no difference. With Aphanizomenon, 
agar at pH 6.8 gave a false impression of reduction of bacteria by 
the dosage of gamma rays as shown by the agar at pH 8.5. 

Parker’s new sulphide selection method?! for purifying 
Microcystis was tried with three test species (Fig. 1). A drop of 2M 
Na,S (dissolved under air instead of nitrogen) was applied at once to 
the centre of ASM-1 agar pour-plates containing 2 mM Na,SQ3. 
The complex radial gradients of pH, sulphide and sulphite created 
in the agar by adding the Na,S in the centre caused a corresponding 
gradation in growth of the bacteria in all plates, but failed to 
eliminate them altogether in the centre. It caused a gradation in 
growth of Anabaena and Pseudanabaena as well, but caused lysis 
of Aphanizomenon over the entire plate. The trial was a failure as 
far as purification was concerned, but, with more work, it is possi- 
ble that suitable gradients of sulphide, sulphite and pH could be 
found specific for each strain, that would selectively favour its sur- 
vival rather than the bacteria. 

Trials of the antibiotic enrichment method of Vaara et a/.*? were 
made using Pseudanabaena. Cultures were treated with 2 mg ml"! 
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of cycloserine or ampicillin as the selective antibiotics. Partial 
reduction of the bacteria occurred but there was complete lysis of 
Pseudanabaena in both cases. 

Using Pseudanabaena, we have developed two methods for gen- 
tle washing of trichomes to reduce the numbers of bacteria by a fac- 
tor of 1 in 10’, which is suitable for plating and coring. One method 
is simply an adaptation of the colony isolation procedure that is 
given in the Methods section. A UV-sterilized Falcon titre plate, 
having 12 shallow, flat-bottomed wells with rims, was used with an 
inverted microscope. Each well was filled with 200 ul of sterile P-1 
or P-2 media and a few trichomes were introduced into the first 
well. Serial transfers were made with a sterile Pasteur pipette in a 
volume of 10 ul or less. Each transfer diluted the bacteria by at least 
10 in 200. Five transfers, therefore, gave a dilution factor of | in 3.2 
x 10% or better. This dilution was confirmed by making pour-plates 
of the final wash in P-2 agar and obtaining extremely low bacterial 
counts. Unexpected problems were encountered with this method, 
however. After two or three transfers, some of the trichomes 
vanished while others did not. If a trichome was successfully 
transferred through five rinses and deposited on P-1 or P-2 agar, it 
would clip or lyse in a few hours while unwashed controls grew nor- 
mally. It was eventually found that too much flexing of a trichome 
as it enters or leaves an orifice is what triggers lysis and contributes 
to clipping. 

The other method involved the use of a 1.2 4m porosity Millipore 
membrane in a Swinnex holder attached to a 10-ml hypodermic syr- 
inge. This assembly was sterilized and set on top of a 250-ml flask. 
Ten millilitres of sterile P-1 medium was poured into the syringe 
and 50 to 100 trichomes were added. The plunger was inserted and 
pressed gently against the cushion of air to start gravity filtration. 
When 0.7 ml remained, the Swinnex holder was disconnected, the 
plunger withdrawn, the Swinnex reconnected, 5 ml of sterile P-1 
medium poured in the syringe and the plunger replaced. By 
repeating the 0.7 ml in 5 m1 dilution six times the dilution factor was 
lin 7.5 x 108. The washed trichomes in 0.7 ml were withdrawn 
from the Swinnex holder with a Pasteur pipette and streaks and 
pours were made with P-2 agar. Few bacterial colonies developed. 
There was very little loss of trichomes caused by the washing but in 
the streak there were only ghosts after 24 h and in the pours growth 
was very slow. Six colonies were cored and transferred to tubes of 
P-2 medium. One grew slowly while the rest slowly lysed over a 
period of weeks, indicating that some irreparable damage had oc- 
curred. 

At present, we do not know whether the damage that occurs 
when washing by filtration is related to too much flexing or not. We 
also do not know how other strains respond. The results suggest, 
however, that some of the failures with the phenol method have 
probably been caused as much by the washing step as by some of the 
other steps involved. 

The modified haemagglutination method was first tested with a 
pair of control cultures (Table 4). One was an Anabaena clone 
which shows marked type-c activity. The other was a non-toxic 
Aphanizomenon clone. The Anabaena showed a high level of 


Table 3. Attempts to purify cultures or reduce their bacterial populations by the *°Co gamma radiation method of Kraus. 


No. Dosage Dark 
Culture“ expts (krad) 24h 
An. NRC 44-1 2 250 — 400 no 
An. NRC 44-1 2 250 — 400 yes 
Aph. A81-31 1 200 — 400 no 
Aph. A81\-31 1 200 — 400 no 
Pseu. A81 — 15 2 100 — 200 no 


Growth at lowest dosage?’ 
pH cyano. bact. 
8.2 Or 3+ toS+ 
8.2 0) 3+ to 5+ 
6.8 0 1+ 
8.5 0) 5+ 
Sa 0 5+ 


“21-day, bacteria 5+, except Aphanizomenon 2-day, bacteria 3+. 


*In both ASM-2 or P-2 liquid media and agar pour-plates and on Difco Plate Count agar; observed weekly for 4—6 wk. 5+ = c. 25 x 107 bacteria per ml. 


‘0 = stasis and/or lysis in days or weeks. 
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Table 4. Haemagglutination and toxicity tests of ethanol extracts of blooms collected from Alberta lakes, dominated by Microcystis or Aphanizomenon. 


Bloom source Composition* 


An. : Aph. : Mic. : Other 


Hastings L. Jul 23 AE W233 (ii 
Aug 6 Seino”. 

Lac La Nonne OF OE 727228 

Upper Mann L. Or 227263 

Floating Stone L. OR 99 tr 

Smoky L. O99 3" Os tr 

Matchayaw L. OFS9ES ORE 

Controls: 

An, A\l3-9-9-2 

Aph. NRC-566 


Agglutination’ LD jo09° Type 

> 0.9 400 c 
= 0.3 400 c 
= Jle3! 200 C 
=a 400 c 

NH @ 10.0 NT 

NH @ 5.3 NT 
= 1.9 NT 
= 0 100 c 
NH NT 


“Per cent colony units or equivalent of Anabaena flos-aquae : Aphanizomenon flos-aquae : Microcystis aeruginosa : Other spp. tr = trace (< 1%). 
*Dosages as mg dry weight sample extracted and dried extract dissolved per 1.0 ml 0.9% saline. NH = No haemagglutination at dosages < 13.3 or as 


specified. 


*LDjo9 = i.p. mouse, 2 mice per dosage level tested. NT = non-toxic or slow deaths (1 — 2 days) at > 1500 mg kg"! body wt. 


haemagglutination activity and the Aphanizomenon none, as was 
expected. Four blooms from three lakes, all dominated by 
Microcystis, were tested. These, too, had high levels of both 
haemagglutination and type-c activities. Blooms from three other 
lakes were tested that were 99% dominated by Aphanizomenon 
and non-toxic. The first two had no haemagglutination activity but 
the third showed a high level. This provides clear evidence that 
haemagglutination is not perfectly correlated with type-c toxicity, 
and that constituents in blooms, other than type-c strains of 
cyanobacteria, possess haemagglutination activity. 

Tests were made on 20 Aphanizomenon isolates obtained in 1980 
from a local farm pond (Table 5). Nine were non-toxic. Two of 
these nine showed low levels of haemagglutination activity. A 
repeat test on one of these was negative, however. Tests of the other 
isolates, some of which were replicated two or three times, were all 
negative. The same was true for the Aphanizomenon isolates from 
Lac La Nonne (Table 6); the two-year search failed to locate any 
type-c toxic strains of Aphanizomenon but two isolates with low 
haemagglutination activity were found. 

Not all the Pseudanabaena take-over cultures have been tested 
for toxicity. Those that were tested were all non-toxic. Two cultures 
showed haemagglutination activity, one ata medium and the other 
at a high dosage. With culture A81-15, at dosages = 10, there was 
unexplained haemolysis. Five cultures listed as NH gave unexplain- 
ed positive reactions at dosages < 2.0. These were the only artifacts 
encountered with the modified method. 

The search has uncovered two interesting Pseudanabaena take- 
over cultures. Both produced a new type of toxin that caused 


Table 5. Haemagglutination and toxicity tests of ethanol extracts of colony 
isolates of Aphanizomenon from Helbig’s pond, 1980. 


Isolates n° Agglutination? LD 400° 
A80-30 1 > 12.0 NT 
A80-56 2 = 12.0, NH NT 
5 1 ea. NH NT 
2 2 ea. NH NT 
3 1 ea. NH 

6 2 ea. NH 

2 3 ea. NH 


* = number of replicate batches grown and tested for haemagglutination. 
’Dosage ranged from 1.0 to 13.3 mg dry weight of sample extracted and ex- 
tract dried and dissolved in 1.0 ml 0.9% salihe. NH = no haemagglutina- 
tion at < 13.3. 

“LD jo9 = i.p. mouse, 2 mice per dosge level. NT = non-toxic or slow deaths 
(1 —2 days) at = 1500 mg kg" body wt. 


violent convulsions when injected intraperitoneally into mice at 
doses which did not kill. One culture showed moderate haemag- 
glutination activity; the other showed none. The convulsant activity 
with freeze-dried cells appears to be stable. Seizures start in 15 to 30 
s after injection and last from three to 10 min, depending on dosage. 
During a seizure, the mouse leaps violently and performs a frenzied 
dance around the cage in response to gentle prods, resting tensely 
between episodes. With culture A81-15, both the cornea of the eye 
and the ears, but not the whiskers, became insensitive to touch fora 
few minutes during the height of the seizures. With A81-17, there 
was no impairment of the eye and ear reflexes, however. Mice 
treated with A81-15, which has haemagglutination activity, were 
sacrificed after 3.5 h and autopsied. The liver was normal in size but 
unusually pale around the margins of the lobes. The other organs 
appeared normal. 


Discussion and conclusions 

The search for a type-c toxic strain of Aphanizomenon flos- 
aquae from what seemed to be a promising source in western 
Canada was unsuccessful. Although no other toxic type of 
Aphanizomenon was found either, two colony isolates of 
Aphanizomenon were found from a different source which had 
haemagglutination activity, but only at high dosage levels. This 
means that the haemagglutination activities of blooms from Lac La 
Nonne from 1979 to 1981 could have had a component contributed 
by Aphanizomenon strains as well as by strains of Microcystis. 
Evidence was found that some constituent(s) of blooms in addition 
to strains of Anabaena, Aphanizomenon and Microcystis must 
contribute to haemagglutination activity. The nature of this consti- 
tuent(s) is a matter for speculation at the present time. Although 
this work has established that haemagglutination and type-c ac- 
tivities are not perfectly correlated, the two are correlated suffi- 
ciently well to warrant continued use of the haemagglutination 
method for screening purposes. 

The search has uncovered a new toxic species and a new type of 
toxin. This new toxin causes violent convulsions in mice when in- 
jected intraperitoneally. Whether it is effective by the oral route has 
still to be determined. Attempts are being made to isolate one or 
more toxic (convulsion-producing) clones for further study. 

As far as we know, the new species, Pseudanabaena sp., has been 
seen but not described from the Edmonton area before. It has 
rather sensitive growth requirements compared with those of the 
common species of planktonic cyanobacteria. Although only a 
minor constituent of the blooms that were dominated by 
Aphanizomenon, it is very aggressive in cultures. It was able to take 
over and destroy Aphanizomenon isolates that had started to grow 
and did this in a comparatively short time. In its aggressive take- 
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Table 6. Haemagglutination and toxicity tests of unialgal colony isolates of Aphanizomenon and take-over cultures of Pseudanabaena sp. from Lac La 
Nonne blooms, 1981. 


Cultures n° 
Aphanizomenon 

A81-18 2 
A81-31 3 

2 others 1 ea. 
Pseudoanabaena 

A81-15 3 
A81-17 1 
A81-101 1 

5 take-overs lea. 
32 take-overs lea. 
6 take-overs l ea. 
A81-54 clone 1 


*n = number of replicate batches of cells tested. 


’Dosages as mg dry weight sample extracted and dried extract dissolved per 1.0 ml 0.9% saline. NH = No haemagglutination at dosages < 13.3 or as. 


specified. 


Agglutination’ LD jo9° Type? 
NH @ 4.5 NT 
NH @ 12.0 NT 
NH @ 12.0 
= E5108 NT Cv 
NH NT Cv 
= 12.0 
NH’ NT NCv 
NH’ 
NT NCv 
NT NCv 


“LD 49 = i.p. mouse, 2 mice per dosage level tested. NT = non-toxic or slow deaths (1 — 2 days) at 640 (Aphanizomenon) or 2560 (Pseudanabaena) mg kg} 


body wt. 


4Cy = convulsions starting 15 s after injection. NCv = no convulsions at 2560 mg kg! body wt. 


*Haemolysis at => 10.0. 
‘Five of 37 showed trace agglutination at < 2.5. 


over, it behaved very much like the types of bacteria that we have 
observed which cause lysis of planktonic cyanobacteria in both li- 
quid and agar culture. 

Other important insights gained in the course of this study were: 
1) the importance of stasis in achieving funtional as well as true ax- 
enic cultures, and 2) the sensitivity of trichomes to lysis triggered by 
manipulation or gentle washing. Attemps must now be focused on 
ways to overcome these problems. 

I shall conclude with a comment about purification methods for 
planktonic cyanobacteria. It is our view that a generally applicable 
purification method is not likely to be found because there are too 
many interacting organisms and environmental variables involved. 
Instead, each species and strain to be purified will have to receive 
some degree of ‘tailoring’ of basic purification methods to suit the 
prevailing conditions. 

We thank the Natural Sciences and Engineering Research Coun- 
cil of Canada for support. 
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